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MENTAL AND PHYSICAL TRAITS OF IDEN- 


TICAL TWINS REARED APART 


Case I. 


Twins “A” and “OQ” 


H. H. NEwMAN 


University of 


OMEWHAT over two years ago 


there appeared in this journal 
a paper by H. J. Muller that 
attracted wide attention. This paper 


entitled *‘Mental Traits and Heredity” 
had as its basis a genetic and psycho- 
logical study of a pair of identical 
twins reared apart. The fact that 
Muller's paper is the only one of the 
kind in the literature makes it highly 
desirable that other similar studies be 
made. At the present time the writer 
is working upon five such cases and 
has completed the study of three of 
these. The findings and conclusions 
are in several respects quite out of 
accord with those presented by Mul- 
ler, a fact which lends importance to 
our effort to get a larger amount of 
data before attempting to generalize. 

in account of the rather voluminous 
data involved, this first paper will be 
devoted entirely to the first case in 
the group now being studied. This, 
as well as other cases, came to the 
writer's attention as the result of a 
newspaper story about our work on 
twins, a fact which emphasizes the 
value of publicity in this kind ot 
research. 

One of the twins, who will be re- 
ferred to as “O” in the paper, wrote 
to the writer expressing the opinion 
that she and her twin sister were the 


kind of twins desired and_ offering 
themselves for — study. The case 
seemed especially interesting because 


the twins were separated at the age of 
eighteen months as the result of the 
death of the mother. The father and 
mother were both English and the 
children were born in the Chelsea dis- 
trict of London. As babies they were 


49 


Chicago 


very much alike. ‘“O” was adopted by 
relatives and “A” by friends of the 
family. The foster parents of “O” 
moved to Ontario, Canada, when “O” 
was a little over two years old. The 
other twin, “A,” lived on in Chelsea 
until the death of her foster parents 
and then joined “O” in Ontario. The 
period of separation, except for one 
short visit at the age of ten, lasted for 
about seventeen years. They had been 
together for about a year when we 
studied them, thus giving the English 
twin a good chance to become adjusted 
to the new situation. 

The home environment of “O”, as 
judged by the comments of the twins 
and of the foster parents, was con- 
siderably more favorable; the schooling 
of the twins was the same in amount, 
as nearly as we can judge; and they 
were both given the same kind of train- 


ing for business life, each taking a 
two vears’ commercial course. ‘The 


ditference, from the standpoint of en- 
vironment, between a crowded section 
of London and a relatively small On- 
tario town is very great. In London 
the social stratification is well defined; 
in the colonial town everyone is on 
much the same level socially. In Lon- 
don the war period caused much pri- 


vation and malnutrition, a condition 
never evident in Ontario. In brief, 
the two environments were as difter- 


ent as one is likely ever to find in 
cases of separated identical twins. Ii 
environmental differences are effective 
in shaping mental and emotional char- 
acters they should have been effective 
in this case. But discussion of the 
data at this point would be premature. 
Suffice it to say that this case seems 
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Newman: 
to have all the earmarks of the ideal 
scientinc experiment. 

Are These Twins Monozygotic ? 


()f course this whole study would be 
futile unless we can be sure the twins 
are one-egg, or “identical”, twins. If 


there were any chance of their being 
merely two-egg twins (‘fraternals’’ ) 


no conclusions could be based upon 
their resemblances or differences. Our 
first task then is to examine the claims 
ot these twins to rank as identicals. 
lor the last two vears (in collabora- 
tion with Professors F. N. Freeman, 
XK. |. Holzinger, and Mrs. Blythe 
Mitchell) the writer has been engaged 
in an intensive study of human twins 
ot primary and secondary school age. 
(ver a hundred pairs of same-sexed 
twins have been studied in detail and a 
technique has been developed for 
classifving such twins into the two 
categories, identical (monozygotic) and 
fraternal (dizygotic), which enables us 
with nearly complete confidence to 
place all cases in one or other group. 
In the first place, it should be said 
that at least 90 per cent. of all cases 
are unequivocal and may be classified 
almost at a glance. Only six cases 
out of one hundred and two caused 
any real difficulty. These six pairs ot 
twins consist of three pairs now as- 
signed to the identical group and three 
pairs to the fraternal group. In all 
of these cases the resemblances are 
great, but by no means perfect. In 
none are there anv marked differences 
in skin color, hair color, hair form 
(straight. wavy, curly), hair texture 
(coarse, tine), eye color; but there are 
differences of various degrees in 
stature. weight, ear-shape, dentition, 
expression, etc. How then can we 
classify this small anomalous group? 
Three of the six pairs were originally 
assigned, with varying degrees of con- 
fidence on the part of the four col- 
laborators, to the “identical” group, 
two were classed as very similar fra- 
ternals, and one was very doubttul. 
A study, especially of the palm and 
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hnger prints and of asymmetrical! 
features (ears, dentition, shape ot 
mouth) showed that a great majority 
of the uniquivocal cases of identical 
twins exhibit same-sided asymmetry, 
the right side of one twin being more 
like the right side ot the other twin 
than like his own left side. Also, 
usually the left side of one is more 
like the left side of the other than like 
his own right side. This rule holds 
true especially in the most. strikingly 
similar twins. In the less. strikingly 
similar, vet unequivocal cases of iden- 
tical twins, the right side may be like 
the right, but the left side may not 
be any more like the left than like 
his own right side. In still other cases 
of certain identicals, especially in those 
pairs in which one twin is lett-handed, 
the left hand of one twin is more like 
the right hand of the other twin than 
like his own right hand. In _ brief, 
when one considers palm main-line 
arrangement, the occurrence of special 
patterns in the palm, the presence ot 
whorls, loops and arches in the various 
fingers, and the texture of the friction 
ridges, the rule holds that im all un- 
equivocal cases of identical twins there 
is stronger cross resemblance between 
twins than resemblance between the 
tro sides of the same twin. This being 
the case, when strong resem- 
blance is found in the pairs of twins 
that are strikingly similar, but not 
obviously identical, this is considered 
as definitely deciding evidence of their 
monozygotic origin. When, on the 
other hand, there is in twins of the 
doubtful sort no such cross resem- 
blance, the decision must be that they 
are dizygotic. 


CTOss 


Making use of these criteria, our six 
slightly questionable cases fell readily 
into the two categories, three showing 
evidence of being monozygotic and 
three showing no such evidences. 

The twins that are the subject oft 
our present study are not ot the most 
strikingly identical sort, nor are thev 
of the really doubtful sort: they are 


about median between the most. strik- 
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Newman: Identical 
ingly similar and the least similar 
identical twins of our large collection. 
They show in finger prints and palm 
prints very strong and positive cross- 
resemblance. 


Finger Patterns 


A study of the finger prints shows 
that the two left hands have the same 
formula, an extremely rare one, un- 
like any other in our whole collection: 

Left-hands 
Digits 1 2 3 4 =«5 
“A” = UR. KR. Ue. U., 
<or= UU. RK KR VU. VU 


Right-hands 


Digits | 2 $$ 4 § 
"A =z UU. VY VU Ue VU 
“ws U. KR. Av VU. Ui 


Nineteen of the twenty fingers show 
loops, some very much reduced, and 
one is an arch. While radial loops 
(R) are quite common on digit 2, 
they are extremely rare on digit 3. 
In the two left palms the presence of 
radial loops on digits 2 and 3 of both 
twins 1s an extraordinary correspond- 
ence and in itself is almost conclusive 
evidence of monozygotic origin. The 
right fingers of the twins are less simi- 
lar, a condition usual for the 
strikingly similar “identical” twins. 

The quantitative values of the finger 
patterns, based on counts of the 
ridges from triradius to center of loop, 
counting every ridge in every finger 
and totaling the five fingers of each 
hand, are follows: 


less 


As 


as 
“A: Right-hand, 32: Left-hand, 39: Total, 71 
“QO”: Right-hand, 40: Left-hand, 31: Total, 71 

Two remarkable situations are re- 
vealed here: first, that the right hand 
of each is more like the left hand of 
the other than lke own left, and that 
the total of the two hands adds up to 
exactly 71 ridges in both twins. This 
is an unusual correspondence and was 
never even closely approached by any 
but the most closely similar identical 


twins 1 collection. Here 1s 


our ani- 
other correspondence which, almost 
alone, would be a_ sufficient criterion 


of monozygotic origin, for it compares 
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more than favorably with the closeness 
of correlation found in connection with 
the numbers of scutes in the bands of 
the monozygotic quadruplets of the 
nine-banded armadillo. The reversal 


of asymmetry (right hand like left) 1s 


significant in view of the fact that 
twin “A” is naturally left-handed. 
The Palm Patterns 
The palm main-line formulae, fol- 


lowing the latest unpublished method 
and notation f Cummings, Midlo, 


Ot 
H. Wilder and I. W. 


Montgomery, H. 
Wilder. read as follows: 


“AY LY. = Ul. uve) A. OC. OG ©. QC, 
xm (Uf. S72) A OW Oo iL. oO. 

—S° . = (9 wae) A. OO. oD. O&. ©. 
R= (ih. 9.7.3) A. OG. UO. L. O. 

To the specialist in palmatoglyphics 


this would be full of meaning, but the 
general reader wiil get more out of the 
study of the palm prints themselves 
(Figure 2). Mrs. Blythe Mitchell, 
who took the prints, experienced con- 
siderable difficulty in getting prints of 
the whole palm that showed the entire 
pattern, but she made numerous prints 
that are excellent for study and com- 
parison, though less suitable for re- 
production. The prints of the most 
important parts of the four palms are 
very clear and bring out the strong 
resemblance of right hand to right, and 
left hand to left. Especially striking 
in their resemblance are the two right 


In 


palms. these the course of main 
line C (starting at the base of the 


fourth finger) turns back in a radial 
direction to form a short, narrow loop 
of unusual type. In the two left 
hands, the corresponding main line (C) 
ends abruptly close to the triradius, a 
relatively rare condition designated as 
X. The real difference in the two 
left palms appears in the reverse rela- 
tion of main lines A and B with refer- 
ence to each other. In “A’s” left palm, 
line A runs proximal to line B and 
ends in position 11; while in “O's” 
left palm, line A runs distal to line 
Bo and ends in position 9. The pat- 
terns of the lett present, 


two hands 
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however, a striking similarity and are 
much more alike than they are like 
corresponding right-hand patterns. 


In addition to the main line formulae 
given above, there appear also formu- 
lae indicating the presence of palm 
patterns. Without going into a de- 
tailed discussion of palmatoglyphics, it 
may be said that all four palms show 
the relatively rare hypothenar pattern 
(that pattern on the “heel” of the 
palm). In twin “A” this pattern is 
in the form of an oval loop opening 
toward the center of the palm, and it 
is well developed in both palms. In 
twin “©” this pattern is clearly indi- 
cated by the contours of the lines, but 
is not a complete loop in either hand. 
No other patterns appear except the 
fourth interdigital in both right hands, 
where it is evident within each of the 
small loops referred to above. Thus 
it appears that in this one respect, the 
presence of hypothenar patterns, both 
hands of “A” are more alike than like 


aither hand of “O”, but that in all 
other respects one hand of one twin 
is more hke one hand of the other 
twin than like her own other hand. 


In brief, the palms of these twins, if 
they were included in our large series, 


would rank fairly high among those of 
the first grade identical twins. 


Evidence Derived by Comparing 
with Sibs 


If more proof be needed that our 
twins are mcnozygotic, we are fortu- 
nately able to supply the kind of proof 
furnished by Muller, based on a com- 
parison of the twins with their brothers 
and sisters. While Muller had only 
partial information about three sibs, 
we have full information about five 
and partial information about two 
others. The characters of the father 
and mother are also known. The fol- 
lowing table (Table 1) gives these 
data. 

It will be seen that the father and 
mother were very different in hair, 
eyes, complexion, and somewhat dif- 
ferent in stature and build. From 
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such a mating one would expect a 
highly variable assortment of progeny; 
and this is just what the table shows. 
No two of the sibs, except the twins, 
are at all alike. While one may be 
like another in one or two respects 
there are differences in several others. 
In contrast with this, the twins are 
alike in all respects dealt with in this 
table as also in a long list of other 
characters listed in Table II. 

A reference to Table A in the ap- 
pendix of Muller's paper will show 
that there were records of individual 
differences for only three sibs of twins 
and that a good many of the items are 
nussing. In spite of this, Muller cal- 
culates, by a method which he has ably 
defended as to its soundness, that there 
is only one chance in 386 that his twins 
are different in genetic composition. In 
other words, the chances are 385 out 
of 3886 that thev are identical, or 
monozygotic, twins. 

li the soundness of Muller's method 
be admitted, and we have no grounds 
upon which to base an objection, it 
is now possible for us to calculate from 
the data in Table I the chances of 
finding the correspondences present in 
twins “A” and “O” in any two mem- 
bers of this family not of monozygotic 
origin. With the kindly assistance of 
Professor Sewall Wright, who has 
taken a most conservative method 
of calculating the probability, we are 
able to show that there is only one 
chance in nearly two thousand _ that 
these twins “A” and “QO” are dizy- 
gotic. This then should make any 
further proof of the monozygotic ori- 
gin of this pair of twins unnecessary, 
and we may now proceed to a study 
of the resemblances and differences 
present at the age of nineteen years. 

Complete resemblance is perhaps to 
be expected in monozygotic twins un- 
less differences of environment or in 
the processes of differentiation intro- 
duce lack of resemblance. We _ have 
dwelt sufficiently upon the likenesses 
of the twins: from here on we shall 
concentrate upon their differences, for 
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in identical twins the problem is not so 
much why they are alike as why they 
are different. 


Differences in the Twins “A” 
and “> 


Physical differences. Going down 
the list of physical characters in Table 
Il, we may note the following differ- 
ences. In stature there 1s but an eighth 
of an inch difference in favor of “O”, 
less than an individual varies in the 
course of a day. In weight there are 
nine and seven-eighths pounds in favor 
of “QO”, but there was less difference 
earlier in life. Even in the last month 
“A” has varied four or five pounds. 
In circumferences of parts of the body 
and limbs there are slight differences 
evervwhere, the greatest being in the 
thigh, in which that of “O” is one and 
one-half inches greater. ‘There is al- 
ways less difference in parts that are 
less covered with flesh, such an ankle 
and wrist. “‘O’s” head length is 4 mm. 
greater than “A’s” and her head width 
is 2 mm. greater. This is interesting 
in view of the fact that the larger head 
occurs in the right-handed individual 
and is associated in this case with 
higher mental capacity. The cephalic 
index is .777 for “A” and .771 for 
“OQ”, which is as close as is usually 
found in identical twins. 

The hair color of the twins is exactly 
the same, described as “a live dark 
brown, with golden glint in the sun”. 
Hair of both is naturally straight but 
curls easily. “©’s” hair is noticeably 
more abundant than “A’s” at the 
present time. In both twins the crown 
has a clockwise whorl. 

The color of the eves is hazel brown 
in both, with greenish or bluish radia- 
tions from the pupil, but there is a 
little less of the green in “A’s” eyes 
than in “Q's”. This gives the impres- 
sion that “‘A’s” eyes are a little darker. 

The ears are very similar, but not 
identical. The upper lobe is more 
rolled over in “Q's” than in “A’s”, 
hut there is more difference between 
“A's” own two ears than there is be- 


tween the two right eats of or the two 
lefts. The teeth of the two girls are 
nearly identical. In both the upper 
incisors are crowded, the second in- 
cisor on the left being crowded out of 
line in both, another instance of same- 
sided asymmetry so characteristic of 
monozygotic twins. 

As a child “A” was naturally left- 
handed, but has been largely trained 
out of it. She still throws and bowls 
in cricket with her left hand. In 
clasping hands she has her left thumb 
on top. She holds a broom and a 
baseball bat like a left-handed person. 
In motor tests, such as wrist and fin- 
ger tapping, needle threading, pencil 
tapping in squares cutting out paper 
stars with scissors, she shows almost 
equal facility with the two hands ex- 
cept in the tapping in squares with a 
pencil, in which case she is better with 
the right hand. This latter perform- 
ance is, Of course, closely allied to 
writing, and “A” has been trained to 
write with the right hand. In dyna- 
mometer tests for hand strength, *A’s” 
left is a little stronger than her right. 
“A” then may be safely classed as a 
natural left-hander. “©”, on the other 
hand, is strongly right-handed in every- 
thing and has never had any lett- 
handed tendency. She places the right 
thumb over in clasping the hands. 
There is then, in handedness, a distinct 
reversal of asymmetry between the 
twins, a situation very common = in 
monozygotic twins, and especially 
characteristic of the less — strikingly 
similar pairs. 

In facial expression there 1s a marked 
difference, that of “A” being a little 
harder and more sophisticated. The 


. 


mouth is somewhat more set, the jaw 
a little firmer, and the eves are kept 
a little more closed. Whether this dif- 
ference is due to different experiences 
in life or is merely the same in kind 
and origin as are differences in the two 
sides of the face of a single individual 
(which are commonly quite consider- 
able), it is impossible to say. But it 
seems more probable, owing to the 
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fact that monozygotic twins” reared 
together sometimes show equally great 
differences in expression, that in the 
present case the difference is the result 
of an internal asymmetry mechanism, 
a phenomen that is to be discussed in 
some detail in another connection. 


Differences in Diseases, Schooling, and 
Social Contacts 


Health record of “A”. At birth “A” 
was very weak and it was thought she 
would not live. She had scarlet fever 
at hve years, measles and whooping 
cough at seven or eight years; has sut- 
fered a good deal with tonsilitis and 
bronchitis, and has had some rheuma- 


tism since coming to Canada. She still 
has her tonsils. 
Health record of “O”". “O” was 


stronger at birth. She had measles at 
seven, chickenpox at eight, diphtheria 
at nine or ten (anti-toxin used); she 


has suttered with tonsilitis and bron- 
chitis a good deal, and had tonsils re- 


moved at nine vears. She has had a 
good deal of rheumatism of the same 
sort as that of “A” 

School record oft "4", “A” started 
public school near home in Chelsea at 
five years two months, finishing the 
nine-year course at fourteen years ot 
age. She then entered Westminster 
Training School for an eighteen-month 
business and stenography course. She 
did poorly in school up to eleven years 
and after that time averaged about 90. 
She has worked in 
she left school. 

School record of “O”". “O”. started 
public school at five vears eight months ; 
Was out most of a year when eight, 
repeating the grade the following year. 
She stood first in her class before en- 
tering Collegiate Institute (correspond- 
ing to our high school), her grades 
being always above 90. She skipped 
the last vear of grade school and en- 
tered the local Collegiate Institute at 


offices ever since 


fourteen years, where she took the 
commercial course for two years. She 
has been working in offices since six- 


teen vears of age. 
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Differences in Social Environment 


Environment of A’: Her home until 
a year ago has always been Chelsea, 
an old middle-class section ot London 
that has deteriorated in recent years, | 
am told. Her foster-parents were not 
so. well-to-do as those of “OO” and 
they had four daughters of their own 
to bring up, all considerably oider than 
"A", “A therefore, got little special 
attention. She has been interested in 


church activities for several years. <Al- 
though she occasionally walks home 


with a young man, she seems to have 
had no serious love affairs. 

Environment of “O°: She has. al- 
ways been the only child in the home 
of her faster-parents in Oshawa, On- 
tarlo, now a town of about 15,000 to 
20,000 population. The impression ot 
the home is that it is relatively large 
and well furnished and that the social 
status of the family is about the aver- 
age. “QO” has always been more or 
less “spoiled,” being an only child in 
the family. The effects of this are 
seen in the fact that she wants her 
own way and is inclined to dominate 
“A.” who admits that “O” is brighter. 
Like “A,” she has never been much 
interested in boys or young men, though 
she enjovs their company at church 
socials. 

Differences between “A” and “O" 
in Mental Traits: At this time I should 
like to express my appreciation of the 
fine cooperation given us by these 
twins. They took the work seriously 
and each did her very best on all the 
tests given. The examinations were 
conducted by Mrs. Blythe Mitchell, who 
has had vears of experience in this 
kind of work, having conducted all the 
examinations in the study of foster- 
children for freeman and 
Holzinger as well as those of over a 
hundred pairs of twins reared together. 
The examinations were scored by Mrs. 
Mitchell and Professor KF. N. Free- 
man. The following rather extensive 
list of tests was given. 


Protessors 
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1. Stanford-Binet Test. 
2. Thurstone Psychological Examina- 
tion ‘lest. 

3. Otrs Self-Administering ‘Test. 

4. International Test—as worked out 
by Dr. Stuart C. Dodd. 

». Stanford Achievement Test. 

6. Downey Will-Temperament Test. 

7. Woodworth - Mathews Question- 
naire of motional Stability. 

8. Ikent-Rosanoff Association Test. 

9. Pressy X-O Test of Emotions. 
10. Strong Vocational Interest Blank. 
11. Motor Tests (including tapping 
with finger and wrist, tapping in 





squares, needle threading, paper cut- 
ting) with both hands. 

The results of these tests will be pre- 
sented in the order given. 

1. Stanford-Binet Mental Test. “A” 
required two hours twelve minutes; 
“©” one hour twenty-five munutes. 
“A” was hesitant but deliberate when 
started; “O” replied quickly, but often 
changed her mind and offered many 
spontaneous corrections. Although they 
were both cooperative, the test was 
more of a task for “A” than for “O,” 
the latter appearing to enjoy the per- 
formance. Results of the tests may be 
thus tabulated: 





I BI oan iceinsncntnncsecarcesorecessen 
Intelligence quotient 
ST a iiaon:.ssdcaatasnihictibinleeabesiulanaasehaanoamalimnanonninseniiien 
SEN, IOI cc is sci coussaduavcanetneeieniesmncbemennaandeneaes 
Vocabulary range 





The significance of the differences 
shown here will be seen when it 1s 
stated that the average difference in 
mental age of fifty pairs of identical! 
twins reared together is 8.4 months, 
that the average difference in I. Q. in 
the same group is 5.33. There is be- 
tween “A” and “O” a difference of 23 
months in mental age, nearly three times 
as great as the average difference of 
fifty pairs of identical twins reared to- 
gether; and there is a difference of 12 
in I. ©., considerably over twice the 
average noted in identical twins reared 
together. 

2. Thurstone Psychological Exanu- 
nation: This is designed to test the 
upward ranges of intelligence and is 
much more difficult than the Stanford- 
Binet test. The table below gives the 
results. Out of sixty-nine items at- 
tempted “A” was correct in_ thirty- 
eight; while “O” attempted ninety-four 
and was correct in sixty-nine. 





Scores 

Maximum “A” — 
Completion ...................... 80 16 20 
Artificial language........ 74 1] 20 




















ad gs “ >)" 
13 years 7 months 15 vears 6 months 
$4.9 96.9 
dull and backward normal 
X XII 
10,440 12.600 
Analogies ................. .. 48 18 38 
Arithmetic .............. —. 8&0 8 20 
Opposites 0.00000. = 8 24 45 
Total.......................... 363 77 143 


— ——_- — -———~ —— 


The percentile rank of any score is 
based upon the results of examining 
16,554 freshmen university students and 
indicates just where this score falls in 
the whole group. Thus the percentile 
rank of gross scores of “A” is .184 
and of “O” is .697, a difference of 
.o13. This means that, tn a group of 
one hundred students arranged in the 
order of their ranking in gross score, 
“OO” would be thirtieth from the top 
and “A” eighty-second from the top. 
lifty-two students, or over half of the 
whole group, would rank between them. 
Only about 18 per cent. of college 
freshmen made poorer scores than “A”’ 
and about 70 per cent poorer than “O.” 
“A” is in the last quartile (lowest 
fourth) and “O” in the third quartile 
(next to highest fourth). 


3. Otis Self-Administering Test of 
Mental Ability: The results are shown 
in the following tabulation : 
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Items Answered 
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Items Correct 
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Y Correct of 
Those Attempted 


[Items Omitted 


I 53% 
QO” 4800” : ——— 31% 
Score Binet Mental I. O., Using I. Q., Using 18 
Age Equivalent 16 Years as Age Years as Age 
“AY sohaiiainaleiimine | 25 13 yrs. 7 wm S. 03 — . <9) OO 
ee en ee ee : 


In this test there are ten item groups, 
intended to rate various forms of men- 
tal ability. The scores of the twins are 
shown in the table below in which the 
scores on items are grouped according 
to Muller’s classification : 





ee 

1. Hard = directions Se iveseauaee 3 
2. Arithmetical problem.............. 5 6 
3. Logical relations. 5 10 
4. Opposites on eens 6 Y 
5. Disarranged — sentences. aes l 
6. Number series completion... 0 l 
7. Analogies. ...... 3 4 
8. Proverbs pesasan ehuabencasaned a 4 
9, Syllogisms . 7 saasaiseaman’ all ] 
10. Geometrical relations () () 
Totals misdeuoraes eswessese OD 39 


“()" proved to be superior in seven 
groups, equal in two, and inferior in 
one, namely, svllogisms. As judged by 
the mental age rating, this test shows 
an even greater disparity between “A” 
and “Q” than either of the previous 
tests. This, however, is a time, or 
speed, test and “QO” always’ works 
faster than “A.” 

4. International Test. This test stands 
alone among mental tests used here in 
the fact that no words are used and no 
school training 1s definitely reflected in 


the materials used. It 1s largely pic- 
torial in character and is free ot na- 


tional peculiarities. The result is sum- 


marized as follows: 


108 


Score Score 








Test of “A” of “O” 

1. Cube counting and matching... 6 6 

2. Matching associated pictures 22 27 

3. Pictorial similarities................ 14 17 
4. Similarities of facial expres- 

ON oicccnewsesicnasenaes ss ctiadewdabiadcadinas 7 13 

5. Mazes ............ ne 10 

6. Rhythm series completion...... 28 42 

7. Pictorial analogies.................... 13 31 

8. Narratives or time series........ 14 27 

111 173 


In only one of the eight sections of the 
test is “A” equal to “QO,” and this is 
the simplest of them. In all the others 
“QO” excels markedlv, her greatest su- 
periority being shown in No. 7%, pic- 
torial analogies, which involve more 
abstract reasoning than the other tests. 

». Stanford Achicvement Test. The 
test given was the Advanced Examina- 
tion: Form A. It should be empha- 
sized that this is an achievement tes 
signifying learning and experience. A 
part of this test dealing with history 
and literature is somewhat unfair, since 
the questions deal to some extent with 
matters pertaining to the United States. 
In this section “©”, reared in Canada, 
would be expected to score higher than 
"A" reared in England. The other 
sections of the test are apparently fair 
to both. 


Age Equivalent 


Score in Years and Months 





Paragraph meaning 
Sentence meaning 
Word 


Total reading........... iibeucanelbieeiiacacbainelmeasams 


Se —_ a 


MEANING... ooo. eeee ssidmessadanesa 


sececeee QO 257 





“OQ” “OQ” 











“A” “A” 

or 86 102 15-10 18- 6 

ues 78 72 19- 7 17-4 

-_ . 2 83 16- 5 18- 8 
18- 4 


16- 8 
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Age Equivalent 











Score in Years and Months 

“A” “Oo” —_— —) 

Arithmetic computation... ST — 148 ll- 6 17- 2 

Pg ee ee _ 72 96 12- 7 14- 9 

Total arithmetic...........00...202020000 cece 168 244 11-11 14- 9 

Nature study and science... eee eee eee 55 69 13- 2 15- 4 

History and literature..............-.......0...ccccc--cccssessseeees wu. 49 63 14- 0 15- 5 

WUE cssaussonsietnghsduaucebe catuscenbaaaroniiseel 46 52 lo- 8 17-11 
SI arcana cs ceaehgiesadevantberseniaiaunes Lanicueiaiascuennecee . 202 206 18- 1 


The composite score of “A” is 75.6 and 
of “O” is 89.1. In terms of educa- 
tional age, “A” is 15 years 1 month; 
“QO” is 16 years 8 months. “O” ex- 
cels in every category except “sentence 
meaning,” in which “A” rates notice- 
ably higher. 

6. Downey Individual Will-Tempera- 
ment Test. As the name indicates, this 
test is intended to bring out somewhat 
different qualities than the previous 
tests. The tasks assigned are such as 
to try the patience, temper, and _ per- 
severance of the person examined. 
Without attempting further to charac- 
terize the test, it may be said that the 


18- 6 


scores are usually shown graphically by 
marking off points on a scale and join- 
ing these by lines as in the “\Will-Pro- 
file” shown in Table III. 

“High scores on such a combination 
of traits as speed of movement and ot 
decision, freedom from load, flexibility, 
and motor impulsion, characterize an 
individual as mobile or rapid-fire in or- 
ganization.”” ‘These are the first five 
traits in the Will-Profile, on which the 
eirls both make low scores. Hence, 
neither twin is a rapid-fire or mobile 
worker. 


SA” cccerseseeeee bp 1 4 6 =e 13 + 5 = 2S 
| se BS&Gamoewmwmwé+5= 24 


TABLE III—‘Will Profile’—Downey Will-Temperament Test 
















































































Designation of Trait 9 1 2 3 4 5 6 ; 5 : 10 | 
1. Speed of movement 
2. Freedom from Load 
3. Flexibility 
4. Speed of Decision 
5. Motor Impulsion 
6. Reaction to Contradiction 
7. Resistance to Opposition 
8. Finality of Judgment 
9. Motor Inhibition 
10. Interest in Detail ‘| 
141i. Coordination of Impulses on a ae 
12. Volitional Persererance —_ << Da 
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“High scores on a combination of the will-temperamental qualities, but 
motor inhibition, interest in detail, co- that “O” has considerable more force 
ordination of impulses, and volitional of character than “A” 
perseveration characterize the controlled, The most striking fact, however, that 
deliberate, careful person.””’ These are is brought out by the _ will-tempera- 
the Jast four traits of the Will-Profile. mental test is that the twins are so 
Soth girls average higher than on the’ closely similar in their temperamental 
first group. make-up. The resemblances are more 


“Ae 4725 — 18 -4—45 Significant and striking than the dif- 
HO” 6, 6, 9, 7, = -4— 7, ferences. This is in contrast with the 


“A” is average in these lites “oO” bes ye ee oo em- 
above the average, indicating that “O” ‘hese oj - great difference between 
: 1ese girls. 
is more controlled, deliberate and care- a ‘ — - 
ful than “A” 8. Kent-Rosanoff Association Test. 
“High scores on motor impulsion, — — of this yon — = 
. - . 4 , 2 oe . 7Tre Qa , . - 
assurance, resistance, finality ot judg- = oe ee en 
distribution of value of their reactions: 
strongly aggressive or forceful person.’ j = ” yr — = a 7 
-_ A” were the same as those ot 50 o 
hese are the middle group of items in - - ; i 
es WE Divi, Dah, tmleis dens te of “1,000 normal subjects,” while 50 
olny Mi oo per cent of the reactions of ““O” were 
in these respects, as shown by the fol- San ae Se. cd 
r | x . of this kind, indicating slightly greater 
lowing scores: mee , a Pat 
deviation from the normal than in the 
= _ case of “A”. The average value of 
~ “reactions (computed from the sums of 
In general, the iimeemuaes qual- actual values) gives ‘‘A”’ a score of 120 
ities of the two girls are similar. In = and “QO” a score of 110. This indi- 
only three of the twelve traits 1s there cates that “A” in this test comes a 
a difference of more than two points little closer to the normal than “‘¢ r. 
in their ratings. In “coordination of or. in other words. the reactions of “A” 
impulses” the difference 1s seven points; were the same as 120 of the ‘1,000 
in “reaction to contradiction,” three normal subjects” and those of “O” the 
points. The average difference in their same as 110 of these. 
ee ~ fo er : ; ‘ . 
rating 1s </4 points. Of all the tests given, this one 
‘“\ very low total (below 40 or 50 showed the least difference between the 
points) would indicate some striking twins, once more emphasizing their 


ment. and motor inhibition show a 
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deficiency in will-temperamental quali- temperamental similarity. 
ties. A high total score (over 90) 9. Pressy X-O Tests. These are tests 


would suggest considerable force of designed to bring out resemblances and 
personality.” “O's” total is 538, “‘A’s” difference in emotions. The results are 
39, indicating that neither is strong in tabulated below: 
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In the matter of deviation from the 
“word commonly chosen,’ which is 
known as the idiosyncracy score, there 
is a difference of some consequence. 
The score of “A” is 51 and of “O” 55, 
as compared with the median which is 
47.2. 

To illustrate, it may be stated that 
the worries of “A” concern: self-con- 
sciousness, sleep, failure, queerness, 
dizziness, ugliness, loneliness, and nerv- 
ous breakdown. ‘Those of “O” have to 
do with: self-consciousness, discourage- 
ment, conscience, failure, ugliness, vis- 
ions, and darkness. 

As to total scores the twins are dis- 
tinctly similar, 154 for “A” and 150 
for “O”, and are very low as com- 
pared with the college group used as 
the standard, the median of which is 
230. Here, again, similarity between 
the twins 1s much more striking than 
difference. 

10. Strong Vocational Interest Blank. 
Any full report of this test would oc- 
cupy several pages. \ brief summary 
of the main points of resemblance and 
difference must suffice at this time. In 
vocational likes they agree quite closely. 
Both girls are at present typists and 
stenographers, but “A” dislikes typing 
and “©” is indifferent about it. The 
two girls agree more closely on amuse- 
ments and recreations than on occupa- 
tions. In school subjects “A” dislikes 
none, “O” dislikes algebra and geom- 
etry. “A”, however, never studied 
geometry. In connection with activities 
there were nine disagreements out of 
fifty items. In attitudes toward pecu- 
liarities of people, there were five dis- 
agreements out of forty-eight items. 
Some of the differences indicated in 
the replies deserve special mention: 
‘“A”? would rather develop plans than 
execute them; “O” would rather exe- 
cute plans than develop them. “A”’ 
prefers people who talk very loudly to 
those who talk very low. “A” has just 
the opposite preferences. On the whole, 
however, the likenesses stand out much 
more prominently than the differences. 


11. Since the motor tests were re- 


ferred to in discussing handedness, no 
further comment about them is needed 
here. The details are given in Table 


IV. 
Summary of Psychological Tests 


It will be of interest to compare the 
results of our tests with those pub- 
lished by Muller. The tests that were 
used in both studies are as follows: 

1. Otis Self-Administering ‘Test. 
IKent-Rosanotf Association ‘Test. 
Downey Individual Waill-tempera- 
ment Test. 

4. Pressy X-O ‘Tests. 

». lapping Tests. 

Muller used the “Army Alpha Test,” 
while we used instead the Stanford- 
Binet and Thurstone Tests, which are 
supposed to test the same mental quali- 
ties as the “Army Alpha Test”; but 
the Thurstone test applies to a some- 
what higher level of capacity, giving 
ereater possibilities for differences to 
appear in higher ranges of intelligence. 


») 
» 
oo. 


\While Muller's twins appear, in spite 
of the differences in environment and 
training, to be nearly identical in men- 
tal capacity as measured by these tests, 
the twins dealt with in this paper are 
very different in mental capacity, the 
difference being nearly three times as 
ereat as the average of fifty pairs of 
identical twins reared together. Muller 
also found that in his twins there was 
the greatest difference with regard to 
emotional reactions (on the whole of 
the same order as for two unrelated 
persons taken at random), while in the 
case of our twins the resemblances in 
emotional reactions are far greater than 
in the more strictly mental qualities. 

In this connection it may be said that 
the results of the intelligence tests cor- 
respond in some detail with the judg- 
ments of the twins about themselves 
and those of relatives about them. “A”’ 
says that ““O” is “smarter than | am. 
She catches on to things quicker and 
remembers better.” The foster-mother 
of “O” says: “Of the two girls, ‘O’ 
is the brighter. She knows just what 
is to be done. She is the leader and 
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Newman: 


has more initiative.’ The opinion of 
the family in general is that “O” has 
had somewhat superior educational and 
home advantages. The foster-mother’s 
opinion of the two girls is that they 
are alike in many ways; both are hasty 
in action and in judgment, “A”’ a little 
more so. Both are high-tempered, but 
“C)" has learned to control herself bet- 
ter than “A”. 


Discussion 


There can be little, if any, doubt 
that these twins have been derived from 
a single zygote and are therefore gen- 
etically identical. ‘he question arises 
as to what are the factors responsible 
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for the rather marked differences be- 
tween them. Lest it be thought that 
the mental differences, great though 
they be, are unparalled among identical 
twins, it should be stated that there are 
among our fifty pairs of identical twins 
reared together, five cases, or 10 per 
cent of the whole group, that show an 
equally great or slightly greater dif- 
ference in I. ©. (as based on the Stan- 
ford-Binet Test), than do “A” and 
“Oo”, “A” and “O” showed a differ- 
ence of 12 in J. Q.; while the five 
pairs of identical twins reared together 
showing greater differences run as fol- 
lows: 12.6, 12.9, 13.0, 13.9, and 16. 
It might also be said that five pairs of 


TABLE IV—Motor and Handedness Tests 
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\rist tapping 
(total for 3 trials 
of 5 seconds each) 


Right 


102 100 1035 87 


Left Right Left 





Finger tapping 
(total for 2 trials 
of 5 seconds each) 


73 75 89 65 





Needle threading 
(total time for 3 needles) 
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Pencil tapping in squares 
(total number of taps for 
5 trials of 10sec. each, 
given in order: (1) Right 
hand, (2) left hand, (3) 
right hand, (4) left hand) | 


98 (1) 


118 (3) 


216 


97 (2) 113 (1) 103 (2) 


103 (4) 117 (3) 104 (4) 


200 250 207 





Cutting out stars 
(total time for 3 stars 
with each hand--given 
in order--R,L.ReL.R.L) 








123 sece 


139 sece 102 sec 165 sec. 
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our fifty showed 0.0 difference in I. Q. 
as based on the Stantord-Binet ‘Test. 


Since, then, differences in intelligence 
as great or greater than that shown be- 
tween “A” and “O” do occur in some 
cases of identical twins reared together, 
it might be concluded that these dif- 
ferences are of no great significance as 
criteria of the effectiveness of different 
environment and training. It should be 
emphasized, however, that in all of the 
five cases of twins, just referred to, in 
which there was an unusually wide 
discrepancy in I. ©. as tested by the 
Stanford-Binet Test, there was much 
closer correspondence in all other men- 
tal tests given. In contrast with this is 
the fact that our twins “A” and “O” 
are consistently far apart in all the 
scores derived from pure intelligence 
tests, and “QO” is always distinctly 
superior. 


The general conclusion might be that 
in this pair of twins differences in en- 


vironment and in training have been re- 
sponsible for bringing about a_ signifi- 
cantly great divergence in_ intellectual 
ability, but that their temperamental or 
emotional traits have remained unusu- 
ally similar. On the basis of this one 
case alone, one might conclude that 
emotional and temperamental charac- 
teristics are more strongly inherited 
than purely mental traits. It should not 
be forgotten, however, that Muller's 
case points to an exactly opposite con- 
clusion. Here, then, are two studies 
pointing to opposite conclusions. — Is 
one right and the other wrong, or are 
both right? My opinion is that it would 
be decidedly premature to generalize on 
the basis of either case. We badly need 
more cases, and, fortunately, at least 
two more have been studied in detail 
and will be dealt with in subsequent 
papers in the present series. Until 
these other cases have been described 11 
would be wise to hold all general con- 
clusions in abeyance. 
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Mongolism in Twins 


Hie causes of Mongolism have been 

discussed a number of times in this 
Journal, but the final solution appears 
not yet to have been reached. An 
exhaustive study of the subject has re- 
cently appeared,* which discusses the 
matter in detail, but without verv defi- 
nite conclusions: 

That Mongolian imbecility cannot be a 
reversion to primitive Mongol type since the 
resemblance to the Chinese or Japanese race 
is mainly superficial and since, furthermore, 
the condition is a_ pathological one. 

That Mongolian imbecility is not due to 
parental alcoholism, tuberculosis, or syphilis 


although these conditions may in many cases 
be powertul contributory agents. 

That Mongolian imbecility is not due to 
neurcpathic heredity. Careful investigation 
of cases shows that the family history 1s 
generally good and we find that the brothers 
and sisters of Mongols are, with very few 
exceptions, mentally and physically normal. 

That Mongolian imbecility is not due to 
extremes of age in cne or both parents. The 
advanced age of the mother may be a potent 
contributory cause but it is not alone suffi- 
cient to explain the condition; we find many 
Mongols born to mothers who are under 35 
years of age. 

That Mongolian imbecility bears no rela- 
tion to the order of birth or to the number 


*\MoNnGOoLISM, a study of the Physical and Mental Characteristics of Mongolian Imbeciles, 
by Kate Brousseau and H. G. Bratnerp. Pp. 203. 47 illus. $4.50. Willams & Wilkins 
Baltimore, 1928. 
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Mongolism in Twins 65 
of children in the family. An examination the environmental factors except dif- 


of 800 cases shows that 57.49 per cent of 
Mongols belong to families where the Mon- 
gol was the first, second or third child. 

That Mongolian imbecility is net due to 
mental strain. Many mothers report that the 
pregnancy resulting in the birth of a Mongol 
was calm, uneventful and altogether free 
from anxiety; furthermore statistics show 
that Mongolism did not increase in the war- 
ring countries during the World War, al- 
though pregnant women were subjected as 
never before to continued terror and anxiety. 

That Mongolian imbecility has not for its 
essential cause some disease of the maternal 
reproductive organs or undernourishment. or 
overwork of the mother during pregnancy. 
If such were the cause it would be difficult 
to explain the condition of Mongolism in one 
of twins. 

That Mongolian imbecility is possibly in- 
duced by some chbscure disturbance of the 
ductless glands. There may be inherited or 
congenital glandular instability, or the moth- 
er during pregnancy may develop. certain 
endecrine disorders which may _ be trans- 
mitted to the child. Further investigation 
may show that Mongolism is the result of a 
pluriglandular syndrome or the disfunction 
of some particular gland. Some endocrine 
disturbance can be demonstrated in every 
\fongol. 


a 


Very detailed accounts are given of 
the physical and mental characteris- 
tics of these unfortunates. Many phys- 
ical defects accompany the condition, 
and perhaps it is just as well that 
their mental development is so shght 
that they can scarcely appreciate their 
deplorable plight. 

It is rather surprising that the au- 
thors fail to attach greater importance 
to the interesting data on Mongolism 
in twins which they have brought to- 
eether. Thirty-two cases are reported 
in which Mongolism has occurred in 
one of a pair of twins. In eighteen 
of these cases the twins were described 
as “dizygotic.” In four cases the sex 
of the twins was not known. In the 
other cases the zygocitvy of the twins 
was in doubt. In five other cases 
\Mlongolism was recorded in allegedly 
monozygotic twins,—both twins being 
affected. The fact that Mongolism 
does occur in one twin and not in the 
other would seem to rule out most of 


*WrioGut, S. and O. N. 
Pigs. 


EATON, 1923. 


ferences in interuterine environment. 
The lack of clear-cut cases of iden- 
tical twins differing in respect to Mon- 


golism also suggests an_ hereditary 
cause. Apparently the intensive study 


of twins with Mongolism offers the 
most promising method of arriving 
at an understanding of the condition. 
The cases in which the classification 
of the twins as identical or fraternal 
remains in doubt should be thor- 
oughly investigated, for the discovery 
of a single case of identical twins dif- 
fering with respect to Mongolism 
would be of the utmost importance, 
and would dispose fairly conclusively 
of heredity as a cause of the condition. 

The illustrations emphasize the re- 
markable similarity in the appearance 
of Mongolian idiots, and to the re- 
viewer this suggests that a definite 
cause, or chain of causes, will even- 
tualy be found. The absence of tam- 
ily histories of Mongolism does not 
conclusively dispose ot heredity as the 
cause of the condition. As an example 
of a somewhat analogous situation the 
work of Wright and Eaton on oto- 
cephaly in Guinea might be 
cited.* An inbred family of guinea 
pigs was separated into two lines, one 
of which had a very much higher per- 
centage of otocephaly than the other. 
It was concluded that the condition was 
unquestionably inherited, but the mode 
of inheritance has not been determined. 
An examination of the number of in- 
dividuals and generations comprised in 
a human family history would have 
given no hint of the genetic nature of 
the condition. 

If such should prove to be the case 
it is reassuring that the authors repori 
no authenticated case of Mongols hav- 
ing children, and the tendency for Mon- 
gols to be the last child may reflect, 
among other things, a deliberate limi- 
tation of family size with the birth of 
such a child. 


Pigs 


m&. & 


Factors which Determine Ot cephaly in Guinea 
Journal of Agricultural Research 26:161-182. 
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FLORETS OF YELLOW OATS 
Figure 3 


Typical florets cf intermediate and cultivated forms of Richland and Iogold oats. All are 
distinctly yellow. 


The existence, of yellow fatuoid forms has been questioned, but their 
presence in these and other yellow varieties was noted in many parts of the United States. 








YELLOW-KERNELED FATUOID OATS 


T. R. STANTON AND F. A. COFFMAN 


Office of Cereal Crops and Diseases, Bureau of Plant Industry, U. S. 
Department of Agriculture 


HE presence of awns on yellow 


oats has been widely — studied 
with considerable differences in 
results. Opinions vary as to whether 


yellow color inhibits awning in oats. 
Fatuoid oats are essentially awned. Re- 
cently the question has been raised 
as to the possibility of fatuoid or false 
wild oats occurring in yellow varieties. 
Some writers report this phenome- 
non, while others doubt the correct- 
ness of color classification in such 
The writers present the result 
of a study of fatuoids from yellow oat 
varieties. 


Cases. 


Awn Development in Yellow Oats 


Nilsson-Ehle’ and other investigat- 
ors, have reported that yellow color in 
oats inhibits the development of awns. 
Coffman and Stanton,! however, have 
observed yellow oats which bore awns. 

The occurrence of yellow fatuoids in 
yvellow-kerneled varieties has been re- 
ported by Crepin,? Garber,®? and Stan- 
ton, Coffman, and Wiebe.® The color 
interpretation of these investigators 
has been questioned by Jones* who 
points out that no data are available 
to show whether these color deter- 
minations were made on immature or 
on fully-matured, well-dried — speci- 
mens. 


Jones,* as the result of his studies 
on the absence of yellow color in cer- 
tain fatuoids or false wild oats, inti- 
mates the possibility of yellow color 
inhibiting the occurrence of fatuoids 
in oats. He observed a single fatuoid 
plant in Golden Rain oats. This aber- 
rant did not show the yellow color of 
the parent variety, but was white. He 
crossed descendants of this fatuoid 
plant with plants of the parent vari- 


ety. The F, was characterized by al- 


67 


most complete absence of yellow color. 
In Fs a similar absence of color was 
observed in those segregates contain- 
ine the fatuoid characters either in 
the homozygous or heterozygous con- 
dition, with the exception of slight 
traces of yellow in occasional kernels 
of a very few plants. The kernels 
of all non-fatuoid plants, or, as desig- 
nated by Jones, those having “sativa- 
type of grain,” were yellow. On close 
examination of the Fs segregates at 
harvest time it was noted that the 
fatuoid plants which were fully ma- 
tured possessed white kernels similar 
to those of the original fatuoid plant. 
(On the other hand, the fatuoid plants 
which were less mature showed ker- 
nels which were distinctly greenish 
yellow in color. On drying the latter 
all evidence of the yellow color dis- 
appeared. Numerous Golden’ Rain 
kernels treated similarly retained their 
yellow color. The author somewhat 
cryptically concludes: 

In conclusion and in view of the inhibitory 
relationships already recorded, the question 
may be raised as to whether the loss of 
colour on ripening, as described in these 
studies, is to be regarded as an inhibitory 
effect due to the presence of the fatuoid 
complex or of some factor associated with it, 
or whether it should be regarded as an en- 
tirely separate phenomenon. The data give 
support to the latter view. 


Experimental Data 


The writers have observed fatuoids 
in many different oat varieties. They 
have almost come to the conclusion 
that sufficient search eventually will 
disclose these forms in practically all 
cultivated oat varieties. They have 
observed fatuoids in several undoubt- 
edly yellow varieties, but until the 
question was raised by Jones as to 
the correctness of interpretation, oc- 
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FATUOID YELLOW OATS 
Figure 4 


Fatuoid vellow florets of Richland and Iogold oats,—indicating that the vellow 


not inhibited by the fatuoid character. 


currence in yellow varieties was given 
only casual consideration. 

In visiting agricultural experiment 
stations throughout the United States 
during the summer of 1927, the writ- 
ers made a special search for fatuoids 
in vellow varieties of oats. Fatuoids 
were noted and collected in Richland 
(lowa No. 105) and logold, both yel- 
low-kerneled, pure-line selections of 
the Kherson oat. Collections were 
made at -\mes, lowa; Mandan and 
Dickinson, N. Dak.: Moccasin, Mont. ; 
and Aberdeen, Idaho. They occurred 
under humid, subhumid, and irrigated 
conditions. 

Color notes were taken at the time 
of collection and all these tatuoids 
were noticeably vellow. The fatuoids 


Ci li iy 1s 


were classified in the field as homo- 
zygous or heterozygous on the basis 
of characters previously outlined by 
the writers.° The specimens were 
placed in envelopes, air dried for a 
tew days, and mailed to the central 
laboratory in Washington. Some 
weeks later these specimens again were 
closely examined in Washington, and 
it was found that without exception 
all had retained their vellow color. 
To determine the stability of the 
vellow coler of these fatuoids, pro- 
genies of each, varying from 1 to 8 
plants, were grown in pots in_ the 
ereenhouse at the Arlington Experi- 
ment Farm, Rosslyn, Va., during the 
winter of 1927-1928. At = maturity 
these second generation plants were 

















Stanton and Cottman: 


harvested, and carefully inspected for 
kernel The data 
eiven in lable L. 

A\ total of 136 progeny plants trom 
the 32 original yellow-kerneled fatu- 
oids was available for study. Of this 
number, 133 were classed as yellow- 
kerneled, 2 as white-kerneled, and 1 
as gray-kerneled. All of the ftatuoids 
classed as homozygous when collected 
bred true tor yellow. The occurrence 
of gray- and white-kerneled plants 
in the progeny of one parent plant 


color. obtained 


are 


which was classed when collected as 
heterozvgous fatuoid, may have re- 
sulted from natural crossing. The 


data obtained. however. are sufficient 
to indicate that yellow tatuoids do 
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occur in some typical yellow-kerneled 
cultivated varieties, and that they may 
be expected to breed true tor color. 
Intermediate and normal forms ot 
and Richland oats are shown 


in kigure 3; the fatuoid form of these 
igure 4. 


logold 
varieties 1n 


Summary 


Yellow-seeded fatuoids were tound 
in the distinctly yellow-kerneled vari- 
eties Richland and logold. These oc- 
curred under a wide range oft climatic 
and other environmental conditions. 
The observation ot these tatuoids, 
supported by the data on their breed- 
ing behavior, is ample proot of their 
occurrence. 


Yellow=Kerneled Fatuoids, 


Kernel Color 
o. plants NO 


plants 
with vellow 


with white 


TABLE !I—Classification on the Basis of Fatuoid and Color Characters of 32 
and of 136 Progeny Plants Grown from Them 
Parent plants Progeny 
(all vellow-kerneled) ; 
Ya 
| Number Classification No. of plants Classification ¥ 
| 
| 
10 Homozygous 48 


fatuoid 











| do 3 
Richland: 5 
y Heterozygous 3] 
fatuoid 
f Y Homozygous 4) 
| tatuoid 
| 
logold: | 
3 Heterozygous 14 
fatuoid 
Totals: KV 136 


“One of these plants was gray-kerneled. 


Natural crossing may 


Homozygous 4s 0) 
fatuoid 
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INDUSTRIAL PEASANTS 


HAT human product is to be 

expected from our highly me- 

chanized industrial system? 
A tendency to reduce our farming 
population to the status of peasantry 
has been recognized, but a recent in- 
dustrial writer projects a similar fu- 
ture for urban populations as well. 
Two classes of industrial peasants 
are distinguished with reference to 
their chances of survival during peri- 
ods of depression when factories are 
closed and the workers face the 
problem of existence with no _ re- 
sources. A better prospect is indi- 
cated for those who have not lost all 
of their farm abilities. Periods of 
forced leisure are considered inevit- 
able, when a completely urbanized 
proletariat does not “get by,” ex- 
cept by a return to more primitive 
conditions of feudalism, as in Europe. 


Without the intervention of outside forces, 
such as enlarged foreign demand, wars, or 
wholesale destruction of producers, I fore- 
see the gradual but considerable development 
of two sorts of what might be called peas- 
antry. The buying power of both groups 
will be somewhat limited. The first group 
I think of as that of the industrial peasant, 
who is well fitted to survive. This is the 
group who work in industry when possible, 
but take their living off the very small tracts 
of land. They are self-sufficient and = in- 
dependent. Perhaps we should call them 
country gentlemen, but they are not true 
farmers. They produce for their own needs 
and sell only a part of their labor. As a 
potential market they are not a large factor. 


I have watched with considerable concern 
these good folk we have laid off, to see how 
they survive, for I have always felt a moral 
responsibility for the man who has cast his 
lot with us. Those who get along best are 


those who own cor rent small tracts of land, 
have good gardens, raise chickens, keep a 
cow or two, perhaps a pig. One of my for- 
mer employees has five acres, and this pos- 
session renders him absolutely independent 
for long pericds of time. 


Those who do not “get by” are more of 
the city type, who must buy everything that 
they consume. The grocer carries them a 
few weeks, finally cuts off their credit, and 
they drift away, seldom to return. Of course 
the grocer loses his money. 

My experience in city and country manu- 
facturing leads me to prefer the latter every 
time, except where highly skilled labor is 
required in quantity. A worker who _ has 
been a farmer is the most resourceful person 
one can find, because the long years of isola- 
tion have developed a_ self-dependence un- 
equaled in any other group. To one who has 
had opportunity such as I have _ had _ to 
cbserve both city and country manufacturing 
the contrast is astonishing, and labor costs 
are 50 per cent less in the country than in 
the city. 

However, the worker who is self-sufficient, 
who prcduces most of his living, except per- 
haps shoes and clothing, and frequently has 
something to sell besides the labor for which 
he has been hired, is not the potential con- 
sumer as is the city type of worker, who 
must buy everything. 

The second group, which I shall term the 
true peasants, are those who cannot make 
a go of life in any place independently and 
whose struggle is for existence itself. The 
misfits who seldom get a job may go back 
tc the land, if they ever came from there. 
They cannot exist in town, they are in- 
capable of handling farms. What can they 
do? In Europe they are usually peasants or 
retainers, working for five to ten dollars 
per month and a place to live. Many of 
them spend their entire lives in that fashion. 

A distinguished European told me _ last 
month that his greatest surprise on coming 
to this country was to hear all the talk about 
getting ahead, whereas in his native land 
fully half the population were satisfied if 
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they had shelter and enough to eat. It is 
hardly possible that America will ever come 
to such a situation, but the conclusion is 
inevitable that there are forces at work that 
tend in that direction. 

The downfall of civilization predicted by 
the world-famous prophets of gloom may or 
may not come about. If it does occur, it will 
probably take the following order. One by 
one the weaker members of our industrial 
units will be forced out of existence, and 
those persons previously engaged in_ such 
enterprises will seek employment elsewhere. 
A larger proportion of the people will be- 
come more and more self-sufficient by re- 
vision to a less specialized form of life. Those 
who cannot adapt themselves will attach 
themselves as retainers or peasants, as they 
do in Europe today, to larger landowners 
and live on next to nothing, or they will be 
public dependents.—GrRIMES, WALTER HEN- 
DERSON, “The Curse of Leisure,’ in The 
Atlantic Monthly, Sept., 1928, Vol. 142, No. 
3, pp. 359-60, rearranged. 

Making the industrial system so- 
cially self-supporting by the addition 
of employers’ liabilities and old-age 
pensons systems, no doubt will be a 
further handicap of urban industrial 
operations in the future, as contrasted 
with rural participation in industry. 
In the later Roman period, the indus- 
trial system returned to the simpler 
form of self-supporting estates in 
the country where the manufactur- 
ing as well as the field work was 
done bv the coloni, while the cities 
decayed. The urban fermentation of 
the Roman civilization worked itself 
out, and the return to feudalism be- 
ean, even before the Gothic invasions, 
The peasants, “whose struggle is for 
existence itself” are then forced to 
hecome retainers or brigands. The 
later Roman period is characterized 
by the absence of intelligent writers 
to chronicle the changes that took 
place while civilization was retrograd- 
ing to the Dark Ages. 

By the time that Europe began to 
emerge from the Dark Ages, the 
Roman feudal system has become well 
established among the northern peo- 
nles. Social stratification has con- 
tinued on the feudal basis to the pres- 
ent time, and the peasant status no 
doubt has tended to preserve the 
racial abilities of the Germanic peo- 
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ples against urban selection. For 
several centuries the forms and tra- 
ditions of democracy were maintained 
only in the few “free cities” that 
were able to resist the barons. It 
was not till America was colonized 
that the primitive Germanic tradi- 
tions of individual and ‘family inde- 
pendence could be revived among 
rural people. The escape from feud- 
alism, with the discipline and selection 
of the colonial stock under pioneer 
conditions, resulted in a_ period of 
rapid progress, which was reflected 
back to Europe through the French 
Revolution. But our material pros- 
perity and free institutions, by re- 
moving all of the social barriers to 
equal opportunity have exposed us 
fully to the adverse selection of ur- 
banism. Other forms of human con- 
servation must be sought if the race 
is to be maintained. 

The European agricultural peas- 
ants are not to be confused with the 
urbanized peasants that our industrial 
system is expected to produce. The 
peasant land-owners and tenant farm- 
ers in some countries still represent 
the original population to which the 
feudal system was applied centuries 
ago . The establishment of the feudal 
system meant not only dividing up 
the land into large holdings, but the 
people also. 

All over western and central Europe, 
in the twelfth and thirteenth centuries, the 
land was cultivated by serfs bound to the 
soil. Outside England, the descendants or 
representatives of these serfs still remain on 
the land, in all but a few districts; either as 
‘“neasant proprietors,” owning the acres they 
till, or as small tenant farmers with some- 
thing closely approaching in practice to per- 
manence of tenure. In Germany, as a whole, 
between two-thirds and three-quarters of the 
land is still owned and cultivated by peas- 
ants: peasant properties occupy trom two- 
fifths to two-thirds of the area even of those 
provinces east of the Elbe which most near- 
ly resemble England in the predcminance of 
large owners; while in the southwest of the 
empire peasant properties monopolize almost 
the whole country. In France large estates 
are distributed more evenly over the several 
provinces; but in that country, also, quite 
ene-half of the whole land is still in the 
hands of peasant owners. In England, on 
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the contrary, by tar the larger part of the 
cultivable area has ccme to be owned by com- 
paratively few “landlords.” ... Before the 
recent “agricultural depression,” from which 
the country is now emerging, it was calcu- 
lated—and no sustantial change in the situa- 
tion has, as yet, taken place—that 4,200 per- 
sons owned between them considerably more 
than halt the soil of England and Wales, 
and that the owners of the other half, so 
far as it was really agricultural land, num- 
bered no more than 34,000.—The Economic 
Organisation of England, by Str WHutiraAm 
AsuLey, 1925, pp. 2 and 3. 


The tendency of the urban indus- 
trial svstem to submerge the interests 
of rural life has not served to count- 
eract the feudal system, or to place 
the artizan on the independent, small- 
land-owner footing so confidently 
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prophesied by Adam Smith in the 
early years of the “industrial revolu- 
tion.” The industrial system may be 
only partly responsible for the re- 
markably restricted ownership ot 
farm lands in Knegland, but the same 
tendency is now being shown in the 
Lnited States. The reduction of 
farmers to the peasant status seems 
only a normal development from the 
urban standpoint. To have as many 
people as possible living in cities is 
assumed to be desirable. But with 
a peasant prospect for city people 
also, a return to feudalism may be 
expected, as occurred in the later 
Roman period, 
—(). I. Cook. 


Darwin’s Home a Memorial 


PERMANENT preservation of Dar- 

wins home at Down, in the County 
of Kent, is announced in Nature, Sep- 
tember 8, 1928. Darwin lived most of 
his lite at Down. from September 14. 
1842. to the date of his death, April 
19, 1882. Eight of Darwin’s ten chil- 
dren were born at Down, and his books 
were written there. Forty years of 
intensive labor were devoted to ob- 
serving, experimenting and reporting 
facts of nature from the new = stand- 
point of evolution. 

‘No single home in the world can 
show such a record. Truly, from 
Down, Charles Darwin shook the 
world and gave human thought an 1m- 
press that will endure for all time.” 

It was given to Darwin to see the 
wonders of life. and to hold them in 
a deep and abiding interest, so that he 
labored through the years to gain a 
better understanding. He saw in _na- 
ture the great balance that life is 
weighed in, and saw this perpetual 
weighing and winnowing of life as a 
part of the process of creation. <A 
new heaven and a new earth were re- 
vealed through the work of Darwin. 


As members of such a creation the 


races ot mankind become conscious of 
many new relations and responsibili- 
ties. We live in a new world because 
Darwin studied and wrote. He was 
a great apostle of truth, and the scene 
of his devotion will be a place of  puil- 
erimage for many generations. 

The house at Down has been used 
in recent vears as a private school. I: 
now has been purchased from one ot 
Darwin's grandsons, and the owner- 
ship transferred to the British Asso- 
ciation for the Advancement of Sci- 
ence with an endowment “amply suffi- 
cient for its maintenance and_ preser- 
vation for all time.” Plans have been 
made for restoring the furniture and 
arrangement of Darwin's study during 
the period when the “Origin of Spe- 
cies’ was written. The property is 
to be used for the benefit of science 
and regarded as a gift to the nation, 
open to visitors “every day of the week 
between the hours of ten and six, with- 
out charge’. 

The author of this benefaction is 
Mr. George Buckston Browne, fellow 
of the Royal College ot Surgeons ot 
england, and of the Society of Anti 
quaries, london. 
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A RECESSIVE FACTOR FOR POLYDAC- 
TYLISM IN MAN 


Studies in Human Inheritance III* 


By LAURENCE 


Genetics Laboratory, Dept. of Zoology, N. 


ANY cases of polvdactylism 

are on record. ‘The character 

appears to be regularly domi- 
nant, although in some instances 1m- 
perfectly so. Thus, Lucas* gives a 
family history in four generations in 
which there was one case of failure 
to dominate. Ballowitz' gives several 
family histories in which polydactyly 
appears to be dominant. Milles” con- 
siders the character as a dominant. 
Castle? found the inheritance ot 
polydactyly in guinea-pigs to be not 
strictly alternative, nor yet trulv blend- 
ing, but rather intermediate between 
the two. In poultry polvdactyly ap- 
pears to be dominant.* The present 
tendency is to consider extra digits in 
man as a dominant character with an 
occasional genotypically dominant in- 
dividual who fails somatically to show 
the character. 

During the summer of 1928 in con- 
nection with an intensive study of 
human blood groups, a large number 
of negroes in Pamlico County, North 
Carolina, were found who showed an 
extra fifth finger on each hand. 
Careful family histories were gathered, 
and the results are presented herewith. 
Blood group determinations were made 
on all the living individuals with the 
hope of determining the linkage rela- 
tions of the two characters. 

The extra finger was joined to the 
hand at the base of the little finger. 
In most cases it was as thick at the 
point of union as anywhere else, and 
firmly joined; occasionally it hung by 
a small circle of skin. In such cases 
the finger is sometimes amputated 
shortly after birth, but the scar re- 


*Aided by a grant from the American 


Medical Association. 


H. SNYDER 
C. State College, Raleigh 


mains. A photograph of the abnor- 
mality 1s shown in Figure 6. 

The first family to be encountered 
was that of Amos Jones (Figure 5: 
IV, 18). Amos showed the character. 
his wife did not, and the three children 
did. It began to look like the regu- 
lation dominant. However, further in- 
vestigation brought out the fact that 
although the wife's brother and _ sister 
had the character, neither of the par- 
ents had it. Both parents of Amos 
showed the character, and all ten chil- 
dren had the extra fingers. Here wa: 
indication that a recessive factor was 
concerned. Other members of both 
families were visited and examined. A 
total of 171 individuals were included 
in the family histories. 54 of whom 
had six fingers on each hand. One 
hundred and twenty of the 171 were 
personally examined, including mem- 
bers of every generation on the charts 
except generation 1 of Figure 5. 

Several facts soon became apparent. 
First, the bulk of the individuals 
could be included in one family chart 
(Figure 5). Two smaller families 
were also concerned (Figures 7 and 8). 
Second, the character frequently 
skipped generations. Third, all pos- 
sible types of matings were apparently 
represented, making possible a critical 
analysis of the behavior of the factor. 

If the abnormality is dominant. it 
must be very imperfectly so, as 14 
polydactylous children were born in 11 
different families where both parents 
were normal. This large number of 
such families almost precludes the hy- 
pothesis of dominance, especially as 
the other criteria for recessiveness are 
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t da 
EXTRA LITTLE FINGERS 
Figure 6 

fn the polydactylism discussed in this paper 
an extra finger is attached at the base of the 
little finger. In most cases it is firmly 
joined, but in some it is attached only by 
a piece of skin, 


fulfilled. The individuals are all more 
or less related, and are restricted to 
one locality (Pamlico County, N. C.), 
so that all normals producing abnor- 
mals could easily have been heterozy- 
gous for polydactylism. <A critical case 
Is provided in the fanuly of Selwyn 
Jones (igure 5: III, 16), where he 
and his wife, both polydactylous, pro- 
duced ten children, all polydactylous. 
Another interesting set of critical mat- 
ings is the case of the woman (figure 
5: TV, 19), who had seven normal chil- 
dren by a normal man whose tamily 
had never showed polydactylism, one 
illegitimate polvdactylous child by a 
normal man whose mother was poly- 
dactvlous, and one illegitimate poly- 
dactylous child by a man who himself 
showed the abnormality. 

Where one parent is polydactylous, 
the other normal, polydactylous  chil- 
dren should make up at least half, and 
probably more, on the average, of the 
offspring, if the character is dominant. 
Irom 16 such matings, 21 polydacty- 
lous and 26 normal children are 
recorded. This is a slight bit of evi- 
dence for recessiveness. ‘Two families 
are recorded (Figure 5: IV, 23; IV, 
29) in which, although one _ parent 
was polydactylous, all of the children 
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were normal (in one case 4, in the 
other, 6); further indications of reces- 
sivity. 

Summing up the evidence for re- 
cessiveness, the character does not ful- 
hll the requirements for dominance 
(must occur in every generation; must 
show up on the average in half or 
more of the offspring), while it does 
meet the criteria for  recessiveness 
(must be homozygous when it appears, 
as evidenced by the result of mating 
two individuals showing the character ; 
may skip one or more generations and 
appear when neither parent shows the 
character). There is no logical reason 
for supposing that the character is 1m- 
perfectly dominant. It does not show 
any evidence of being sex-linked. 

Blood group determinations 
made on all the living 
shown in the figures. 


were 
individuats 
This included 
in Figure 5 all of the individuals of 
generation VI, 46 of generation V, 22 
of generation IV, 11 of generation III, 
and 1 of generation Il. In Figure 7, 
blood group determinations were made 
on all individuals shown except 3 of 
generation I] and 5 of generation I. 
In Figure &, all individuals’ were 
erouped. The results throw some light 
on the linkage reiations of the two 
sets of characters. 

As already pointed out®, certain 
crosses involving the blood groups and 
some other pair of characters will give 
definite evidence on the question of 
linkage in man. In this investigation, 
four families were found in’ which 
crossing over occurred between the 
blood groups and polydactylism. Five 
families occurred in which crossing 
over could have been detected, but ap- 
parently did not occur. Two of these 
families, however, contained but one 
child each. In the rest of the fami- 
lies, either the blood group of one of 
the parents was missing, or else the 
matings were such that no difference 
could have been detected betwen com- 
plete linkage and independent assort- 
ment or partial linkage even if cross- 
ing over had occurred. 
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FOUR GENERATIONS OF POLYDACTYLISM 


Figure 7 


Recessive inheritance is indicated in this family and in the two generations shown in 


ca 


Figure &. 


The four tamilies showing crossing 
over are as follows: 

(1) The family of Moses Smith 
(Figure 5: VI, 1). The father and 
mother were both group B. Of the 
children, V, 1, 3, 4. 5, 6, and 7 were 
group B, while V, 2 and 8 were group 
©. In such a mating, a polydactylous 
child of group B could not occur in 
the same family with a polydactylous 
child of group © if there were com- 
plete linkage between the factors. 

(2) The family of Barney Jones 
(Figure 5: IV, 16). The father was 
group AB, the mother A. Of. the 
children, V, 16, 17 and 19 were group 
A, 15 and 20 were group B, and 18 
was group AB. In such a mating, if 
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' a 
RECESSIVE INHERITANCE 
INDICATED 
Figure 8 


Two generations of polydac- 
tvlism, with inheritance through 
normal “carriers.” 
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complete linkage occurred, there could 
not be both polydactylous and normal 
chiidren ot group A in the’ same 
family. 
(3) The 
(Figure 95: 


family of James Ollison 
IV, 23). The father was 
eroup .\, the mother group B. This 
is the only blood group mating in 
which al] four groups may be expected 
in the offspring, and this family is 
unique in that among the four children 
all four groups are represented. Of 
the children, V, 34 was group 
group A, 36 group O, and 37 


B. 35 


group 


Recessive Polvdactylism a 


could not occur in the same family. 

(4) The family of Andrew O'Neal 
(Figure 5: [V, 33). The father was 
eroup © and the mother group Bb. Of 
the children, V, 4¢ and 48 were group 
B, while 49 and 50 were group QO. In 
such a mating, if complete linkage oc- 
curred, there could not be both poly- 
dactylous and normal children ot 
eroup B in the same tamiuly. 

Complete linkage, therefore, does not 
occur between these factors, and in 
view of the relatively frequent occur- 
rence of crossing over between poly- 
dactvlism and the blood = groups, it 
would seem that they are independently 
inherited. 
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FIRST STAGE IN MAKING A NURSE-GR 
Figure 9 


AFTED Y-CUTTING 


Forked branch of trifoliate-leafed Balsamocitrus Dawet with unifoliate -leglopsis 
Chevalieri inarched as a nurse-plant on left fork, showing the nurse-plant with its roots 
wrapped in waxed paper container and tied fast to base of Y-shaped branch. 
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THE 


NURSE-GRAFTED Y-CUTTING 


METHOD OF PLANT PROPAGATION 


WALTER JT. SwINGLe, T. 


RALPH 


ROBINSON, IXUGENE May 


Office of Crop Physiology and Breeding, Bureau of Plant Industry, U. S. 
Department of Agriculture. 


HIRE is need today for a scien- 
tific study of plant propagation 
in all its phases. 

In Citrus, great progress has been 
made in propagating vegetatively not 
only all of the cultivated varieties of 
Citrus fruits, but the numerous 
wild relatives of this genus that are 
coming every day more and more into 
prominence as stocks for special souls 


also 


and climates, and to resist special dis- 
eases or immsect pests. 

Vhis work has now been carried on 
for nearly two decades by the staff of 
the Office ot Crop Physiology and 
Breeding, and it 1s proposed to pub- 
lish the results obtained in a series of 
articles each complete in itself and 
each making, it 1s hoped, some essen- 
tial contribution to the subject, out- 
lined in sufficient detail to establish 
clearly the progress made 1n each par- 
ticular problem. 

During the past twenty years an 
effort has been made to bring to- 
gether in the greenhouses of the Bu- 


reau of Plant Industry at Washing- 
ton, D. C., and in California and 


Florida, a collection of living plants 
of all the species of Citrus and of as 
many as possible of the wild plants 
related to them—here interpreted to 
include all plants belonging to the 
sub-family Citrateae of the plant 
family Rutaceae. This collection now 
contains about ten or twelve species 
of the genus Citrus and about thirty 
species belonging to twenty other 
genera related to Citrus, and includes 
about one-half of the genera known 
in this group, but only about one-fifth 
of the species. Small as it is, it is, 
nevertheless, the largest single col- 
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lection of plants of this group to be 
found in the world. 

very effort has been made to pro- 
pagate all the species of all of the 
genera by vegetative means; particu- 
lar attention has been given to this 
work because some of the species of 
Citrus and many of the species of the 
related genera were at first available 
only as small plants or seedlings that 
could not be made to fruit for many 
vears, possibly never under green- 
house conditions. It was desired to 
test as many of these species as pos- 
sible as upon which to 
eratt the commonly cultivated Citrus 
fruits such as oranges, lemons, limes, 
erapetruits, citrons, ete. 


rootstocks 


It was found years ago that several 
species of Citrus, many Citrus hybrids, 
and a number of the wild relatives of 
Citrus could be propagated readily 
from leafy cuttings, preferably termi- 
nal twigs of recent growth, no longer 
soft and tender nor yet fully hard- 
ened, provided such cuttings were 
placed in suitable soil with the leaves 


expanded in a moist chamber re- 
ceiving diffused light. ‘lhe rooting 


of such cuttings is greatly favored if 
bottom heat is supplied so that the 
soil is kept about 10° F. hotter than 
the air space above, and, at the same 
time, is kept well aerated from below. 
‘A small, inexpensive yet serviceable 
propagating bed of this character was 
described by the writers in a previous 
paper.'*? In such a propagating cham- 
ber, where high humidity is preserved 
by proper control of ventilation, the 
leafy cuttings do not wilt and are able 
to function normally, synthesizing 
starch and sugar and this reserve food 
material is carried to the base of the 
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cuttings doubtless stimulating the for- 
mation of roots and nourishing them 
as they grow. (iten such cuttings 
start to form roots when but two weeks 
old and are well rooted in a month. 


As soon as the roots of such cut- 
tings are able to function well enough 
to supply water to the leaves above, 
the cuttings may be removed from the 
propagating frame and set out in the 
nursery row or in pots, preferably in 
a shaded greenhouse or lath shed to 
prevent excessive evaporation while 
the new plants are getting established 
and overcoming the inevitable shock 
of transplanting. It is possible to re- 
duce this shock by starting the cut- 
tings in paper or metal cylinders or 
prisms open at the bottom to facilitate 
aeration. The cuttings can then be 
transplanted in the containers with lit- 
tle or no shock when they are well 
rooted. 

The sour orange, lemon and citron 
root freely, as do a number of Citrus 
relatives such as the  box-leaved 
orange, Severinia buxifolia Ten.,* and 
the orange jessamine, Chalcas panicu- 
lata L. (Murraya exotica L.), but it 
was soon found that some species of 
Citrus and several of the wild rela- 
tives do not strike root from such 
cuttings or, at most, from only a very 
small per cent of them. Among the 
most refractory species of the Citrus 
group are the common sweet orange 
(Citrus sinensis Osb.), the Satsuma 
orange (C. nobilis Lour, var unshin 
Swing.), and a number of Citrus rela- 
tives, especially Balsainecitrus Dawet 
Stapf. from Budonga Forest on the 
east side of Lake Albert Nyanza in the 
extreme western part of Uganda in 
“ast central Africa. 

The Balsamocitrus Dawet appears 
to have a very restricted distribu- 
tion and is known only from the orig- 
inal locality where it was collected by 
Mr. M. T. Dawe when he was Forest 
Conservator of Uganda in 1905. So 


far as is known, the only living plants 
under cultivation of this remarkable 
species, one off the largest of the Citrus 
relatives, are the few grown from seed 
collected in April, 1910, by the discov- 
erer of the species during a trip to 
sudonga Forest and sent to the senior 
author in June, 1910. These plants are 
now in the greenhouses at \WWashington, 
D. C., and one plant is growing at the 
Citrus Itxperiment Station, Riverside, 
California. None of these have ever 
Howered or set fruit. 

In spite of frequent attempts to root 
cuttings of this rare and interesting 
plant, only a very few. struck root 
and grew. It was soon found pos- 
sible, however, to graft  Balsamo- 
citrus on seedlings of Aegtopsis Cheva- 
liert’ Swing, a related but much small- 
er tree from West Africa that fruits 
freely in the Washington greenhouses. 
This did not, however, supply what 
was chiefly desired—rooted plants of 
Balsamocitrus Dawei which could be 
tested as root stocks. 


Discovery of A New Method of 
Rooting Cuttings 

Finally, in the Spring of 1926, the 
junior author hit upon a new method 
of propagation by the use ot which 
not only was it possible to grow a 
good proportion of cuttings of Aal- 
samocitrus Dawei, but also ot choice 
varieties of the sweet orange, Citrus 
smensts Osb., such as the Palestine 
variety, called Chamoudi, famous in 
Kurope under the name ot Jaffa 
orange (see Figure 14) and the \Vase 
Satsuma of Japan, a form of the Man- 
darin orange (see Figure 13), C. nobilis 
our. var. unshiu Swing., a delicious, 
juicy, early ripening mutation of the 
Satsuma orange. Both of these had 
proved very difficult to grow from cut- 
tings or air-lavers. 

This method has not yet failed for 
any Citrus plant on which it has been 
tested. It consists essentially in ap- 
proach-grafting (inarching)) a seedling 


*Short descriptions, usually with illustrations, of Severinia buxifolia, Balsamocitus Dawet, 
and other Citrus relatives mentioned in this paper have been given by the senior author in 
Batty, L. H., Cyclopedia of Horticulture, 6 vols.. New York, 1914-1917. 
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plant (or a well-rooted cutting) to a 
Y-shaped leafy branch of the plant it 
is desired to propagate. (See Figure 9.) 
The little plant grafted to one arm of 
the forked branch (hereinafter referred 
to as the Y-cutting) is tied fast to the 
base of the crotch or Y which 1s left 
attached to the mother plant and not 
otherwise disturbed at first. To prevent 
the roots of the nurse-yraft from dry- 
ing out, they are packed in moist sphag- 
num moss and wrapped in waxed pa- 
per and watered when  necessary— 
about once every ten days under green- 
house conditions. 

When the nurse-gratt begins to 
unite with the plant on which it 1s ap- 
proach-grafted, usually after about 
two weeks, the base of the Y-shaped 
branch is “ringed” or girdled by re- 
moving an annulus ot bark lg to \4 
inch wide. ‘This has the effect of 
causing an accumulation of the reserve 
food substances moving downward 
from the leaves and is well known to 
favor the formation of roots on the 
portion of the twig, in this case at 

the Y-cutting, above the 


the base ot 
By the time the nurse- 


girdled zone. 
gratt has become well united to one 


arm of the Y-cutting, usually after 
four to eight weeks from the time it 
was attached, the hbase of the Y-cut- 


ting has doubtless accumulated a cer- 
tain stock of reserve plant food. 

The Y-cutting is now cut from the 
mother plant at the point where it 
has been girdled a few weeks previ- 
ously, and the cutting, together with 
the nurse-plant, is plunged into a suit- 
able propagating chamber. See ligure 
10. This should consist of a_ well- 
drained and well-aerated soil box, the 
soil bed being kept at a higher tempera- 
ture than the air chamber above, which 
should be kept moderately cool and very 
moist, to prevent wilting of the leaty 
cutting. The roots of the nurse-graft 
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should now be taken out of the waxed 
paper, freed from moss and carefully 
spread in the soil of the rooting bed. 
At the same time the top of the nurse- 
graft should be cut back to a few inches 
above the graft union with the side 
branch of the Y-cutting. If condi- 
tions of temperature and humidity are 
kept right, neither the Y-cutting nor 
the nurse-graft wilt, and soon roots 
will begin to form at the base of the 
Y-cutting. 

After about three or four weeks, 
the branch of the Y-cutting to which 
the nurse plant is grafted is “nicked,” 
1. e., partly cut off, below the graft 
union. See Figs. 10, 11, 12. Every 
few days the “nick” is made deeper, 
but the base of the gratted arm of the 
Y is not cut entirely off until the base 
of the Y-cutting has made good roots, 
usually about eight weeks after it has 
been plunged into the propagating bed. 

When this cut is completed, the 
original Y-cutting is thereby divided 
into two independent plants; one con- 
sisting of the base and one arm of the 
Y growing as a rooted cutting, the other 
consisting of the tip of the other arm 
of the Y grafted on the nurse-plant. 


In propagating the Wase Satsuma 
or other Citrus variety difficult to root 
from cuttings* it is possible to make 
use of both of these plants provided 
a nurse-plant has been used suitable 
as a stock for the variety propagated, 
as in the case ot the Rusk citrange 
used as a nurse-plant for the Satsuma 
orange. 

When only plants on their own 
are desired, with PBalsamo- 
citrus Dawei, it is possible to root the 
tip of the branch of the original Y- 
cutting that has been grafted upon 


roots 


as 


the nurse-plant. To do _ this, the 
orafted arm of the Y must be lett 
long and the nurse-plant must not 


*Some species of Citrus root freely from cuttings, especially the lemon and the citron; 
several others can be rooted if handled carefully, such as the common sour orange (C. Auran- 
tium L.) and some hybrids such as citranges (produced by crossing the common sweet orange, 
C. sinensis Osb., and the trifoliate orange, Poncirus trifoliata Raf.). Others, like the sweet 
orange and the Satsuma are difficult to propagate from ordinary cuttings, no matter how care- 


fuliy they are handled. 








# 





Y-CUTTING AND NURSE-PLANT PLUNGED INTO SOIL 


Figure 10 
to 


Y-cutting of Balsamocitrus Dawei with one arm (on left) plunged in soil bed for root- , 
Sta 


ing, the other arm (on right) grafted on deglopsis Chevalteri. The grafted arm of the 
cutting (right) is nearly cut through. 





NICKED ARM OF Y-CUTTING 
Figure 11 


Rooted Y-cutting of Balsamocitrus Dawei to left with nurse-plant of eglopsis Chevalier 
to right showing grafted arm nearly cut off just below union. (The plant was tied to a round 
stake while being photographed. ) 
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be cut off too close above the graft 
union, but several inches above, far 
enough above to allow the tip of the 
scion (the grafted arm of the Y-cut- 
ting) to be bent in and approach- 
grafted to the tip of the nurse-plant. 
Then when this approach-graft be- 
gins to unite, the scion is girdled near 
its base, just above the union, and fol- 
lowing the same course as with the 
original Y-cutting, the base of the 
scion is, after a month or so, cut off 
at the girdle and plunged with the 
nurse-graft in the propagating bed. 

After the scion has rooted well, it 
can be cut off little by little from 
the nurse-plant and when finally it is 
cut free, the top as well as the bot- 
tom of the nurse-plant can be cut off, 
leaving only a short piece of the stock 
attached at the graft-union. By this 
supplementary graft, both arms of 
the original Y-cutting can be estab- 
lished on their own roots. 

Naturally, the size of the Y-cutting 
will vary with the character of the 
plant being propagated. In case of 
Citrus and related genera, the base 
of the Y is usually 4-6 inches long; 
the two leafy side twigs 6-8 inches 
long, or even longer. 

Although the nurse-gratted Y-cut- 
ting method of propagating has been 
in use less than two years, it has 
proved to be of very great utility not 
only in securing root stocks of rare 
species such as Balsamocitrus Dawet, 
of which seed is unobtainable, but 
also for such Citrus plants as_ the 
\Wase Satsuma, that it is very desir- 
able to grow on its own roots if 
possible. 

In the case of the Wase Satsuma 
and other strains of the Satsuma 


* 


orange usually grown near the north- 
ern limit of Citrus culture, in regions 
subject to occasional severe freezes, 
not only do they grow well on their 
own roots, but trees so grown have 
one very great advantage over ordin- 
ary grafted trees in that if frozen to 
the ground they do not need to be 
gratted again as they will sprout from 
the base of the stem or from the root 
and grow up directly into a tree of 
the variety planted without the need 
for the often difficult operation of re- 
budding or grafting the new sprouts— 
an operation that necessitates giving 
the whole plant a more or less severe 
shock at a time when the root system 
needs urgently all the food that can 
be manufactured in the leaves. 


So far, most of the nurse-grafted 
Y-cuttings have been made in _ the 
greenhouse where temperature and 
humidity were controlled to some ex- 
tent and severe wind was not a factor. 
[It is confidently believed, however, 
that the method can be used out-ot- 
doors if precaution is taken to attach 
the nurse-plant firmly to the tree to be 
propagated and to protect its roots 
from drying out, preferably by using 
a  parafhn-coated marcottage box.* 
This marcottage box, designed to in- 
sure even moisture conditions with- 
out frequent attention to watering was 
invented by the junior author and 
Mr. Robert J. Bullen. Naturally, the 
method can be used only on plants 
that can be grafted, and especially 
plants having a cambium layer, par- 
ticularly Gnetaceae (Ephedra, etc.), 
Coniferae, and the dicotyledonous 
Angiosperms. 

The time required for rooting the 
Y-cutting may be shortened in many 


A marcottage bex suitable for this purpose, small and convenient to apply and protecting 


the enclosed moss, ccir or earth against drying out, has been protected for the use of the 
public by Government Patent No. 1,655,731, issued on January 10, 1928, to Eugene May and 
Robert J. Bullen. This box is essentially a paraffin-coated paper, fiber or metal box the lid 





and bottom parts cf which telescope tcgether. The two ends of the box are notched or slotted 
when being applied so as to permit the stem of the plant to be encircled closely, but without 
constriction, as to two sections are brought together. The box is filled with moss, coir 
or other suitable rooting material at the proper moisture content. The loss of moisture 1s so 
slight that such a box needs only infrequent attention, at intervals dependent somewhat on 
atmospheric conditions, see Fig. 13. 
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ROOT DEVELOPMENT OF Y-CUTTING 


Figure 12 


Same as Figure 11, showing extensive roct system developed by the Y-cutting atter 
growing one year in propagating bed. It has proved very difficult to root Balsamocitrus by 
any other method. 
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cases and rooting made more certain 
by applying a marcottage box or 
wrapping of moss inclosed in waxed 
cloth or paper to the base of the cut- 
ting (1. e., where it is “ringed” or 
girdled) at the time the girdling is 
done. See Fig. 13. In this way roots 
will be already in process of forming 
in many instances by the time it 
is safe for the cutting to be severed 
from the nurse graft. Even if the mar- 
cottage box does not force roots to 
start, no damage is done and callous- 
ing will usually be well advanced, 
hastening the later rooting of the cut- 
ting when it is placed in the soil bed. 


Modified Nurse-Grafted Y-Cutting 
Method Applicable to Single 
Plant by Branch Inarching 


Whenever seedlings or rooted cut- 
tings of allied species that can be 
erafted on the plant to be propagated, 
or when seedlings of the species to 
be propagated are available, the nurse- 
erafted Y-cutting method can be used. 

In almost all cases one or the other 
of these alternative nurse-grafts can 
be used. In fact, only one case has 
vet come to light in the Crop Physi- 
ology and Breeding — greenhouses, 
where no small plants suitable for 
nurse-grafting on the Y-cutting could 
be found. In this case recourse was 
had to self-inarching of two branches 
of the same plant, one of them forked 
and with the other branch grafted to 
one arm of the crotch. The base of 
the Y-shaped branch is later girdled 
and finally detached as if a nurse- 
plant had been attached to it instead 
of another branch of the same mother 
plant. The base of the detached 
branch is then plunged in a rooting 
chamber, the other branch remaining 
attached to the mother plant and be- 
ing set into the rooting chamber 
through a small opening stopped with 
cotton to prevent loss of heat or hu- 
midity. 

Recourse to this method has been 
necessary with a primitive wild pome- 
granate, Punica protopunica Balf., a 


very rare and interesting plant native 
of the island of Socotra, which does 
not gratt readily with the cultivated 
pomegranate and has no other relatives, 
the genus Punica having only one other 
species, the ordinary pomegranate, 
Punica Granatum L. As the family 
Puniceae contains only the — single 
genus Punica, there are probably no 
other plants in the world upon which 
this Socotran wild pomegranate could 
be grafted. 

A modification of the nurse-grafted 
Y-cutting system of propagation can 
be used to advantage in propagating 
from very tall trees where Y-cuttings 
cannot be conveniently nurse-grafted 
in place. Such leafy Y-cuttings de- 
tached trom the parent tree can be 
erafted with suitable stocks conveni- 
ently and easily in the propagating 
room, then plunged into a_ suitable 
propagating bed with controlled tem- 
perature and humidity. With some 
plants very difficult to root, this modi- 
fication ot the nurse-grafted Y-cutting 
system will doubtless tail but with 
many other plants it will probably 
succeed although the percentage of 
failure doubtless will be higher than 
with the use of the nurse graft on 
Y-cuttings still attached to the mother 
plant. However, the advantage of 
being able to put the cutting at once 
into a bed where temperature and 
humidity can be controlled offsets in 
part at least the disadvantage of sev- 
ering the Y-cutting from the mother 
plant before it has become attached 
to the nurse graft and before it has 
accumulated a reserve of plant food 
at the base of the cutting where roots 
will form. 


Physiological Advantages of the 
Nurse-Grafted Y-Cuttings 


A study of the processes that are 
necessary to form a rooted Y-cutting 
shows that at the critical stage when 
the cutting is severed from the mother 
plant and put in the propagating bed 
to root, the nurse-plant is able to sup- 
ply the leaves of the cutting with 
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NURSE-GRAFTED Y-CUTTING OF SATSUMA ORANGE 


Figure 13 


Forked branch of Wase Satsuma orange to cne arm of which nurse-plant ot Rusk Cit- 
range is attached for inarching. The root system of the nurse-plant (having tritoliate leaves) 
is enclosed in upper “marcottage box’; the base ot the cutting to be rooted 1s enclosed at the 
point where girdled by the lower marcottage box. 
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water absorbed by the roots of the 
nurse-plant, and keep the cutting in 
good condition to carry on photo- 
synthesis thereby creating sugar, 
starch and other carbohydrates, and 
doubtiess also to synthesize the nitro- 
genous organic compounds — essential 
as food to be used in the formation 
of new roots at the base of the cut- 
ting. To do this it is true that the 
water absorbed by the roots of the 
nurse plant must move over a zig-zag 
or N-shaped course to reach the un- 
vrafted arm of the Y-shaped_ branch. 
(ur experiments with these inarched 
cuttings indicate that water is thus sup- 
pled to both arms of the Y-branch. 
That water will move freely through 
wood in the reverse of the usual direc- 
tion was proved by Hales more than 
two centuries ago.” 

The superiority of the nurse-grafted 
Y-cutting in comparison with other 
methods of vegetative propagation is 
doubtless due to the fact that it is thus 
continuously supplied with nitrogenous 
and other essential mineral plant foods 
(especially phosphorus and potash) ab- 
sorbed from the soil water and is able 
continuously to synthesize not only 
carbohydrates from water and carbon- 
dioxide but also the complex  nitro- 
genous organic compounds essential to 
form protoplasm. As long as the cut- 
ting is attached to the mother plant, 
even after it has been girdled, it 1s 
supphed abundantly with water = ab- 
sorbed by the roots from the soil. 
When the Y-cutting is removed from 
the mother plant the root of the nurse 
plant placed in moist soil then serves 
to absorb both inorganic nitrogen and 
other essential mineral salts necessary 
for the synthesis of proteins. : 

With plants difficult to root this is 
doubtless a matter of prime importance 
since the cutting is in a very critical 
stage of its development when it must 
create a system of functionally active 
roots adequate to supply the leaty top 
of the cutting with all the water and 
mineral elements it needs. 

The various forms of elaborated 


a 


plant food synthesized in the leaves 
are carried down toward the roots by 
the living cells of the inner bark; the 
transter of such food is arrested by 
removing a ring of bark at the base 
of the Y-cutting which leads to a 
local accumulation of elaborated plant 
food. 

The cutting, after it has been re- 
moved from the mother plant and set 
in the propagating bed, doubtless con- 
tinues to send much of the plant food 
synthesized in the leaves straight down 
the stem to the base where roois are 
forming rather than over the N- 
shaped course necessary to take the 
food down to the root of the nurse- 
plant. Not only is this a lonver route 
to travel but it involves the transport 
of elaborated plant food up one ari 
of the original Y-cutiing in the reverse 
direction to that usually taken by the 
products of photosynthesis. 

There is evidence to show that the 
transport of elaborated plant food in 
twigs is usually if not always toward 
the root end of the twig and not in 
the reverse direction. For example. 
Vochting! removed a ring of bark from 
the middle of a cutting of a willow, 
Salix viminalis, hung the twig upside 
down and put a short glass tube 
around the girdled region and _ filled 
the tube with water held in place by 
a split rubber cork at the lower end 
of the glass tube. This experiment 
showed that in spite of the inverted 
position of the cutting, roots developed 
luxuriantly in the water at the root 
end of the morphologically upper halt 
of the cutting and none were formed 
at the morphologically upper end of 
the base of the cutting in spite of the 
fact that this end was also in water 
and hence favorably situated for root 
production. The girdling in effect 
cut the single twig into two cuttings: 
the one having its basal end in water 
developed abundant roots; the other, 
with its basal end in the air, showed 
traces of root at its base, but none at 
its apex under water. Vochting gives 
many other proofs for the very definite 
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poiarization of stems, twigs and roots 
of plants. 

Jost!® reports that “if from an un- 
branched stem we remove a ring of 
cortex right into the wood, the part 
of the tree situated below the region 
of ringing is not filled with starch, 
whilst the part above the ringing ac- 
cusnulates it abundantly. If a_nar- 
row bridge of cortex be retained, con- 
necting the upper with the lower part 
of the twig, the sugar flows backward, 
toward the roots, but spreads laterally 
verv slowly. If the bridge be in the 
form of a step (‘—,), [two vertical 
strips, one from above and one from 
below, connected by a horizontal strip | 
no backward passage of the products 
of assimilation takes place, since the 
horizontal part of the bridge does 
not conduct them.” 

In the light of the above experi- 
ments and those made by many other 
physiologists, it appears that there is 
in the nurse-graft Y-cutting a veritable 
frap-action by virtue of which the 
ungrafted arm of the Y-cutting 1s 
freely and continuously supplied with 
water absorbed by the roots first of 
the parent plant and later of the nurse 
plant and thereby placed in_ position 
to synthesize freely the carbohydrate 
necessary for supporting the growth 
of roots at the base of the Y-cutting, 
and that such elaborated food _ stuffs 
are in large part, if not wholly, 
translocated directly to the base of the 
cutting and not over the zigzag route 
leading to the nurse-graft root which 
latter route would involve the trans- 
port of such elaborated food through 
the phloem elements of the bark of 
one arm of the Y-cutting in the direc- 
tion from root to top, the reverse of 
the normal course of the transporta- 
tion of elaborated food stuffs. 

There is furthermore every reason to 
beheve that up to the time when the 
Y-cutting is severed a_ considerable 
part of the elaborated food material 
of the grafted arm as well travels 
downward over that portion of the 
cortex not disturbed in grafting to the 
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base of the Y-cutting, thus affording 
a double source of nourishment. 

This may prove to be very import- 
ant, since the grafted arm of the cut- 
ting is in direct connection with the 
functioning root system of the nurse- 
plant which is able to supply it with 
both water and inorganic nitrogenous 
salts, thereby permitting the synthesis 
of both carbohydrates and nitrogenous 
food materials, part of which is un- 
doubtedly translocated to the base of 
the Y-cutting and there used to nourish 
the newly forming roots. 


Previous Work in Inarching and 
Nurse-Grafting 


The inarching or approach grafting 
of plants doubtless dates from remote 
antiquity. It seems to have been 
known to Pliny according to Thouin.!® 

Grafting by approach was described 
and figured by Bussato® more than 
three centuries ago, but his descrip- 
tion of the process shows that the 
bark and inner bark were cut away 
on two sides of a twig which is thea 
inserted in a cut on split branch of a 
nearby plant. 

Duhamel de Alonceau and Baltet? 
both describe approach grafting but 
none ot these writers make any use 
of such approach grafting for root- 
ing cuttings. 

Oliver’? described and figured a 
method of approach grafting by using 
young seedling plants with the roots 
in soil surrounded with coir and tied 
up in cloth. Such seedlings inarched 
into twigs of another plant were left 
attached until the graft was thor- 
oughly healed on, then the scion was 
“nicked” below the union and gradu- 
ally cut off, leaving a scion grafted 
on the seedling root which was then 
planted and grew. He called this 
method the seedling-inarch method 
of propagation. He noticed that the 
mangosteen so propagated on roots 
of Platonta insignis often struck roots 
from the base of the mangosteen scion 
and sometimes the stock rotted away, 
leaving the mangosteen growing on 
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its own roots. He did not propose 
to secure rooted mangosteen cuttings 
in this way, but worked out what he 
called the nurse-plant method of prop- 
agation wherein mangosteen seedlings 
were inarched on Platonia seedlings 
and when the graft was well healed 
the top ot the Platonia plant was cut 
off, leaving the mangosteen growing 
on its own roots and also grafted on 
a root of the Platonia. This nurse 
plant method was used because the 
mangosteen grows poorly on its own 
roots and seems to be given much 
more vigor by the roots of Platonia 
and thereby enabled to grow later on 
its Own roots.* 

The aim of the various methods of 
inarching noted above is obviously 
to secure grafted plants, not rooted 
cuttings, although by the so-called 
nurse-plant method Oliver did get in 
some cases mangosteens growing on 
their own roots. In the latter case 
however, no forked or Y-shaped 
scions were used. There was no 
thought of getting both a rooted cut- 
ting and a grafted plant by one opera- 
tion, nor was there secured the still 
more important trap action of the 
nurse-grafted Y-cutting. A cutting- 
grafting method is described by Bailey- 
as follows: “Cuttings of plants which 
root with difficulty are sometimes 
erafted upon those which root easily. 
... When the plants are transplanted 
the following autumn or spring, the 
nurse or stock can be removed, the 
scion having taken root.” 

Shaw'! and <Auchter’ have secured 
apple cuttings on their own roots by 
using this method." 

Chandlers further modified — this 


*This methcd was used by Mr. H. H. 


method, using a piece of root as a side 
gratt on the apple scion, leaving a 
stub of the scion exiending a_ few 
inches below the graft union. Root 
formation at the end of this scion stub 
was many times more abundant than 
that obtained on scions grafted at the 
hase. 

The so-called “bottle grafting” is 
done by allowing the lower end of a 
scion to rest in a bottle of water 
which may be tied to a tree and 
permits top gratting of species hard to 
graft by ordinary methods. This 
method, said to have been discovered 
by Willham Pike, was described and 
heured by John Carr'’ in 1827, and 
also by Lindley'! and more recently 
by Blakeslee and Farnham.” It has 
been seen in use in Florida by one of 
the writers in top grafting the avo- 
cado, Persea gratissima Pax. This 
method again yields a grafted plart, 
not a rooted cutting. 

The layering of plants results in 
securing a rooted cutting, usually by 
bending down a branch ot the mother 
plant and covering it with soil kept 
moist until roots are tormed. Often 
the layer is cut partly through when 
it is covered and sometimes a ring ot 
hark is removed. The removal ot a 
ring of bark to facilitate the rooting 
of layers dates back at least as far as 
Malpighi'= who lived in the = seven- 
teenth century. 

Air-layering or marcottage, is merely 
the application of similar methods to 
upright branches that cannot safely 
or conveniently be bent down to the 
ground. Bailey’ discusses this method 
at some length and says: ‘Pot-layer- 
ing, air-layering and Chinese layering 


soyle (for a number of years in charge of the 


Citrus greenhouses of the Office of Crop Physiology and Breeding Investigations) in saving 
the seedling hybrids of Poncirus and Fortunella made by the senior author in 1909, when it 
was found that most of these seedlings died soon after germinating. They were inarched on 
vigorous stocks and many were saved in this way that rotted off at the surface of the ground 
shortly after being inarched. With vigorous hybrids, Mr. Boyle was able to force rapid 
development of the tep of the seedling grafted in an older stock as Mr. Oliver had done with 
a hvbrid of the Australian finger lime (Microcitrus australasica) and the Calamondin (Citrus 
mitts). (1. c. p. 10, pl. 1.) He was also able in some cases to save the root of the seedling 
hybrid and the part of the stem below the graft which sent out side buds and grew vigorously. 
In this way the original hybrid plant was saved and yet the earliest possible graft was made 
from it to be forced as scon as possible into flowering and fruiting. 
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PROPAGATION OF CHAMOUDI ORANGE 
Figure [4 


Vip et branch of Chamoudi orange 


vraft of _Ichang lemon is attached. 


weeks and has already developed a small root system. The grafted branch has been 


but not vet fully detached below the union with the nurse-plant. 


showing three terminal twigs to one of which a nurse 
The cutting has been in the propagating bed for some 
“nicked” 
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are terms applied to the rooting of 
rigid stems by means of surrounding 
them while in their natural position 
with earth or moss or similar material. 
The stem is wounded—commonly 
girdled—and a divided pot or box 1s 
placed about it and filled with earth. 
The roots start from above the girdle, 
and when they have filled the pot 
the stem is severed, headed back, and 
planted.” PP. J. Wester-° calls this 
method by the French name of mar- 
cottage, commonly used in _ tropical 
countries. It is a very good method 
whenever it can be used, but fails or 
gives very poor results in case of 
many plants hard to root such as 
Balsamocitrus Dawei, Satsuma orange, 
common sweet orange, and many other 
tropical and subtropical economic 
plants. 


The Valencian Nurse-Graft Cutting 
Method 


A method of rooting cuttings used 
in the Province of Valencia, Spain, to 
propagate the orange, has some analogy 
with the Y-cutting. This method was 
studied in Valencia by Dr. L. Trabut, 
the Government Botanist of Algeria, 
who described it to the senior author in 
1911. A small scion of citron is grafted 
into the twig of the orange to be propa- 
gated and the scion is protected from 
drying out by being inclosed with 
waxed paper which is tied to the 
orange twig above and _ below the 
citron scion. When the scion has 
made a good union with the orange 
twig the whole twig with the citron 
graft attached is cut off and planted 
as a cutting. The citron soon strikes 
root, as it roots very easily, and after 
the cutting so rooted has been planted 
out for about a year the base of the 
orange twig will be found to have 
made roots of its own, whereupon the 
citron graft with its roots is cut away, 
leaving the orange cutting growing 
on its own roots. 





Discussion 


None of these systems combine all 
the advantages of the nurse-grafted 


Y-cutting method and in case of 
species difficult to root, such as the 
Balsamocitrus Dawei, and the Sat- 
suma orange, even the most careful 
marcottage or air-layering of a girdled 
branch carried out in a moist, well- 
heated greenhouse rarely succeeds 
whereas the nurse-grafted Y-cuttings 
strike roots readily. 

Rooted cuttings are very desirable 
in many cases since both stock and 
scion can in this way be propagated 
without any genetic variation, whereas 
propagation by grafting superior races 
of tree crop plants on seedling stocks 
is subject to uncertainty arising from 
the variability of the root. Dr. H. J. 
Webber, Director of the Citrus Ex- 
periment Station of the University 
of California at Riverside, California, 
has found'> that a most astonishing 
amount of variation is shown by seed- 
ling sour oranges (Citrus lurantiune 
LL.) the stock commonly used in Cali- 
fornia and Arizona for the ordinarily 
cultivated Citrus fruits—oranges, lem- 
ons and grapefruit. Not only did he 
find this stock variable, but buds 
known to be uniform in character in- 
serted on the more aberrant sour 
orange stocks produced trees differ- 
ing widely in growth and fruitfulness. 

There is good reason to believe that 
many tropical tree crops are now grown 
at unjustifiably high cost because otf 
the highly variable nature of the 
seedlings used for propagating these 
crops, or because of the equally great 
or even greater variability of the seed- 
ling stocks used when such tree crops 
are propagated by grafting. The 
nurse-graftted Y-cutting method is 
likely to be found useful in many 
parts of the world as attention be- 
comes directed more and more to se- 
curing improved varieties of cultivated 
trees having a_ high — performance 
record and uniform stocks on which to 
eraft them. 

Summary 


For the past two decades extensive 
efforts have been made, using both 
old and new methods, to propagate 
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Swingle, Robinson, May: 


all species of Citrus fruit trees and 
their wild relatives in order to obtain 
rooted cuttings. In most cases these 
efforts were successful. 

Several new methods have been 
worked out and published, such as 
Oliver's seedling-inarch method of 
grafting, described by him in 1911, 
and the solar propagating frame for 
rooting cuttings, described by the 
writers in 1924. 

Hlowever, some tew refractory spe- 
cies of Citrus plants, such as the Sat- 
suma orange and Balsamocitrus Da- 
wel, could not be propagated so as to 
secure a good percentage of rooted 
cuttings by any known method of 
vegetative propagation. 


\ new method of rooting cuttings 


was discovered not quite two years 
ago which gave good results with 


these and other Citrus trees hard to 
root. It is called the nurse-grafted 
Y-cutting method and is simple and 
easy to use, giving excellent results. 

This new 
physiological 
previously 


method seems to show 
advantages over any 
used method of rooting 
cuttings or of air-layering (marcottage ) 
having apparently a trap action by 


virtue of which the soil solution ab- 
sorbed by the roots of the nurse 
plant supplies the leaves of the 


Y-cutting with water mineral food but 
the elaborated plant food made in the 
ungrafted arm (and part of that made in 
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the grafted arm) of the Y-cutting 
flows to the base of the Y-cutting 
where it nourishes the developing roots 
and not to the root of the nurse plant. 

It is believed that this new method 
is likely to prove of great value in 
propagating superior individuals’ of 
many plants that have not yet been 
propagated successfully except by 
grafting on seedling stocks. 

Such seedling stocks usually show 
great variability and much more uni- 
form stocks can be secured in most 
instances by using this new method. 

“Many cultivated trees grow very 


well on their own roots and such 
trees propagated by cuttings taken 


from individual trees having a high 
performance record usualiy exhibit no 
eenetic variation either in tops or roots, 
and hence represent the highest possible 
uniformity, that is rivaled or possibly 
equaled only by scions from selected 
trees grafted on vegetatively propa- 
vated stocks taken from a single in- 
dividual plant. 

In some regions it is advantageous 
to have fruit trees propagated on 
their own roots, since such trees 1f 
frozen to the ground by severe cold 
weather will spring up again from the 
base of the trunk or from the roots 
without the necessity of grafting the 
sprouts. This applies especially to the 
Satsuma orange which is_ largely 
grown in regions subject to occasional 
severe freezes. 
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